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Abstract – Due to the worldwide energy crisis and rising global emissions, renewable energy research and 

development, particularly wind and solar, has exploded in recent years [1]. Wind turbines with a horizontal 

axis are not appropriate for home usage. As a result, the Savonius vertical axis wind turbine may be a safer 

choice due to its ability to operate in low wind circumstances [2]. The goal of this model is to point out how 

well it performs in various wind conditions compared to a traditional horizontal axis wind turbine, and to 
contribute to its steady rise in popularity as a reliable source of energy in the near future [3]. 

Keywords: Vertical Axis Wind Turbine, Savonius Wind Turbine, CFD, Aerodynamic Performance, Dimples and 

Fins. 

--------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 04-11-2021                                                                           Date of Acceptance: 18-11-2021 

--------------------------------------------------------------------------------------------------------------------------------------- 

 

I. Introduction 
Elective energy is a subject that has recently received a lot of attention. This is due to the progress of 

technology, which has prompted people to seek out modern and alternative energy improvements to supplement 

traditional fuel sources [4]. Wind energy is one of the most recent sources of energy that has begun to be used to 

generate electricity or convert it into mechanical energy for use in a variety of applications. Wind turbines are 

one of the tools used to control wind power.  

Changing the surface geography and size of the wind sharp edge is one such effort to enhance 

execution in this assignment.[5] Dimples, on the other hand, are extremely effective in reducing grinding, as 

seen by golf balls' reduced drag and increased lift. The positive drag on the cutting edge is further increased by 

the balances in the sharp edge, allowing it to generate additional force. Lift and drag are the two major factors 

that influence wind turbine performance, and they should be increased and limited separately. The exterior of 

the turbine blades are covered with dimples and balances of various sizes and game plans, which are analyzed 

using CFD to find the optimal mix for enhancing wind turbine performance [6]. 
 

A. VAWT Wind Turbine 

 A Vertical Axis Wind Turbine (VAWT) has a few cutting edges and a vertically situated principle 

rotor shaft. We imagined a design that integrated a few tweaks to a conventional "Savonius Turbine" to take 

advantage of the low wind speed restriction. A Savonius Turbine is a Vertical Axis Wind Turbine with a 

capacity and configuration similar to a cup anemometer [7]. It has a strong starting force at low wind speeds and 

is wind course independent. Figure 1 depicts several types of wind turbines. 

 
Fig. 1. Types of wind turbines  
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B. Dimples  

Dimples are little depressions on the highest point of a golf ball that usually persist a long time. As shown in 

Figure 2, the existence of dimples increases the amount of energy and rakish force available to liquid particles 

travelling in the limit layer, which is a small region close to the ball's surface. [8] 

 

 
Fig. 2. Effects of dimples on golf ball 

 

Among different outcomes in presenting dimples, it shows two significant things, to be specific: 
• As the speed of the stream inside the limit layer varies, the active energy and straight force of the entire 

stream increases; 

• Turbulent streams have higher active energy and straight force than laminar streams. Knocking at a 

fast enough pace causes the bulk movement of air in the limit layer to become turbulent. 

 

C. Dimple Structure  

When compared to a flat surface, dimples reduce blockage by up to half. The findings have shed light on the 

opposing decays caused by dimples. The dimples on a surface create an obnoxious cutoff layer on its surface, 

reducing haul in the base. As a result, the layer stream has a greater power than the layer stream as far as 

feasible, resulting in viable power. [9] 

D. Fins 
A balance is an additional or modified part of the turbine edge that restricts space while increasing the pressing 

factor along the edge width. Extra balance in the sharp edge, according to the research, impacts the exhibition of 

the breeze turbine's ability to supply electrical force. The ability of a breeze turbine to generate power is 

affected by the expansion of a blade to the rotor, as evidenced by the findings. [10] 
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Fig. 3. Savonius VAWT with dimples and fins  

 

II. METHEODOLOGY 
A. Mathematical calculations 

The following mathematical formula may be used to determine the Savonius VAWTs' power, coefficient of 

power, and efficiency:  

Total amount of power, P that is available in the wind is 

   = 
          

 
                                                                                                                                                    …. 

(1) 

                             Where,  

                                         ρ = density of the air,  

                                         A = swept area of the turbine, and  
                                         V = wind speed.  

        The power coefficient,    is defined as the ratio of the total power output     by a wind turbine with the 

total power     available to the wind turbine.  

                                          =  
  

   
      (  , max = 0.59)                                                                                                                

…. (2)                                                                                                                 

 

 The theoretical force efficacy of any wind turbine layout is 0.59. (for example close to 59 percent of 

the energy conveyed by the breeze can be removed by a breeze turbine). Cp Value is unique to each 

arrangement and is based on the stability and solidity of the breeze turbine as well as encompassing conditions 

such as air thickness and choppiness. As a result, Cp is much lower than 0.59, and when combined with other 

designing frameworks used in a breeze turbine arrangement such as gearbox, generator, and heading, 

productivity is further reduced. Cp represents the breeze turbine's streamlined productivity and, as a 
result, takes into consideration misfortunes due to choppiness and other natural conditions, as well as 
the turbine's actual characteristics, rather to mechanical misfortunes. Hence, Po changed over from the 

breeze into rotational energy in the turbine can be discovered Eq. (3) [11]. 

                                         = 
             

 
                                                                                                                                     

…. (3)                                                                                                                 

Also, 

                                       = 
    

  
                                                                                                                                        

…. (4)                                                                                                                       

In which, 

                = Density of air, kg / m3 

             T = the torque of the wind turbine in N-m 

             N = the Speed of wind turbine in rpm,  

             A = the area of wind mill i.e. A = D x H,  

             V = the rated speed, m/s 
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             H = Height of wind mill, m 

   depends on how the turbine behaves in a particular condition i.e. for different rotational speeds of turbine,    

is different. That implies that    is a function of the Tip Speed Ratio (TSR) λ, which is defined as  

                               TSR = 
                      

          
                                                                                                     

                                       = 
    

    
                                                                                                                                                   

…. (5) 

                                       = 
      

  
 

                                 Where, 

     = 
   

  
                                                                                                                         …. (6) 

                                               D = Diameter of wind mill, m 

 
B. Tool Used: 

            Ansys Design Modeler is used for creating cad models & Ansys CFX 19.2 is used to calculate pressure 

distribution and velocity profile and torque to calculate power output by performing CFD analysis... 

 Fluid-flow analysis of incompressible and compressible fluid flow and heat transfer in complicated 

geometries is possible using ANSYS CFX. You use built-in tools to import meshes, define materials, boundary 

conditions, and solution parameters, solve the computations, see the results, and then produce reports. 

 ANSYS CFX is a general-purpose Computational Fluid Dynamics (CFD) software suite that includes a 

sophisticated solver as well as strong pre- and post-processing tools. It has the following characteristics: 

 A very dependable and resilient advanced coupled solver. 

 Complete integration of issue description, analysis, and presenting of outcomes. 

 Menus and sophisticated visuals are used to provide an intuitive and engaging setup procedure. 
C.  The Mathematics of CFD 

The Navier-Stokes conditions are a set of conditions that represent the cycles of force, warmth, and mass 

exchange. These fractional differential conditions were discovered in the mid-nineteenth century and have no 

broad scientific significance other than the fact that they may be discretized and handled analytically. 

Conditions depicting various cycles, such as burning, can also be addressed in relation to Navier-Stokes 

conditions. To identify these additional circumstances, an approximation model is frequently used, with 

disturbance models being particularly important. [11] 

       In CFD codes, a variety of different organization techniques are used. The restricted volume technique is 

the most well-known and the one on which CFX is based. The premium region is divided into small sub-

districts called control volumes in this method. For each control volume, the conditions are discretized and 

settled iteratively. As a result, it is possible to obtain an estimate of the estimation of each element at explicit 
foci throughout the region. As a result, a complete picture of the stream's behavior may be obtained. 

 

III. RESULTS AND DISCUSSION 
A. Results 

1) Parameters for SAWTs 

 Area of mill = 6.667 m2 

 Diameter of wind turbine = 2.866 m 

 Height of wind mill = 2.325 m 

 Width of wind blade = 0.477 m 

 Molar mass = 28.96 kg/mol 

 Density = kg/m3 

 Ref. Temperature = 25ᵒc 

 Normal wind speed = 5 m/s 

 Relative pressure = 1 atm 

2) CFD results without dimples an d fins  

The power and torque generated from the Savonius wind turbine is 3.64E4 KW and 115619 N-m. 
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Fig. 4. Velocity plot of the wind 

 

 The velocity plot: Shows that the inlet flows at a high rate, confirming the turbulent flow assumption; 

moreover, the figure is useful for understanding the flow evolution inside the domain. 

 

 
Fig. 5. Pressure contour on the blade of SAWTs without Dimples and fins 

 

3) CFD results with dimples and fins 

The power and torque generated from the Savonius wind turbine is 5.46E4 KW and 173708 N-m. 
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Fig. 6. Savonius wind turbine simulates CFD model with dimples and fins 

 

B. Discussion 

When comparing Savonius VAWTs with and without dimples, the dimples and fins wind mill 

performed better and produced more power than the wind mill without dimples and fins. The power generated 
by a wind turbine with dimples and fins is 5.46E4 KW, which is higher than the power generated by a wind 

turbine without dimples and fins. With dimples and fins wind turbines, the power coefficient and efficiency are 

also excellent. 

 

IV. CONCLUSION 
The focus of the research is on the streamlined effects that resulted from the addition of dimples and 

balances, which increased force and, in turn, enhanced execution levels. The investigation's goal is to look at the 

presentation of a breeze turbine with dimples and blades to reduce drag. The goal of this project is to increase 

the productivity and force age of the breeze turbines. The utilitarian value of dimples and blades in adjusting the 
surface geography of wind turbines was inspired by the utility they provide in golf balls.  

From the acquired outcomes following ends are made:  

i. Savonius VAWTs generated more force and force than wind turbines without dimples and blades. 

ii. The Savonius wind turbine, which has dimples and blades, produced superior results. 

iii. Wind turbines with dimples may generate power even when the wind speed is low. 

iv. The sharp edge balance number will influence the assessment of pressing factor circulations and speed 

of dispersion. The greater pressing factor circulation and speed appropriation were supplied by two cutting-edge 

balances. 
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