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Abstract:  Renewable energy resources (RES) are much 

needed one, due to the existing use of fossil fuel which emits CO2 

during utilization. This CO2 causes global warming which means 

increasing earth temperature. Mostly CO2 emission occurs in 

power generation. This global warming and CO2 emission make 

earth is unsuitable for living. To avoid this, we have the best 

solution that is RES. In this RES, wind energy is the most likely 

unit for power generation; it is not only for power generation, and 

it can be used for pumping of water too. We use this wind energy 

from an earlier day. Wind energy is the most abundantly available 

clean form of renewable energy in the earth crust. Wind turbines 

produce electricity by using the power of wind to drive an electric 

generator. The present study aims to design and develop a 

low-speed vertical axis wind machine. New types of Savonius wind 

turbine 3D model was created using SolidWorks software. 

Numerical simulation of the new design for parametric 

investigation using ANSYS Fluent, evaluating the performance of 

the newly developed rotor and fabricate the proposed model. 

 
Index Terms: Low speed; windmills, vertical axis, drag.  

List of symbols:  

θ: Angle of attack of wind  

U1: Wind speed approaching the turbine (undisturbed wind)  

m: Mass of the selected wind strip of width dr 

L: Length of blades (third dimension, not visible in the figure)  

R: Radius of turbine   

r: distance to the selected point from the center  

ω: Rotational speed    (Rad/s)  

λ: Tip speed ratio  

T: Torque  

A: Area of turbine faced to the wind 

I. INTRODUCTION 

      Renewable energy resources (RES) are much needed one, 

due to the existing use of fossil fuel which emits CO2 during 

utilization. This CO2 causes global warming which means 

increasing earth temperature [1]. Mostly CO2 emission 

occurs in power generation. This global warming and CO2 

emission make earth is unsuitable for living. To avoid this, we 
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have the best solution that is RES. In this RES, wind energy is 

the most likely unit for power generation. Wind energy is the 

most abundantly available clean form of renewable energy in 

the earth crust. Wind turbines produce electricity by using the 

power of wind to drive an electric generator. There is a 

current global need for clean and renewable energy sources 

[2]. Renewable energy technologies are clean sources of 

energy that have a much lower environmental impact than 

conventional energy technologies. Renewable energy will not 

run out ever. Other sources of energy are finite and will 

someday be depleted. Fossil fuels are non-renewable and 

require limited resources, which are dwindling because of 

high cost and environmentally damaging retrieval techniques. 

With populations increasing exponentially and our natural 

resources being strained by increases in demand, it is more 

important than ever to invest in renewable energy [3]. Our 

consumption of fossil fuels as energy has been traced to be a 

leading cause of environmental issues.  The byproduct of 

fossil fuel consumption is carbon dioxide, which has been 

named to be a primary constituent leading to Global Warming 

[4].  So, the need for cheap and obtainable resources is much 

needed. An efficient and more feasible alternative option is 

wind energy. Though several renewable energy sources exist, 

Renewable energy is generally defined as energy that is 

collected from resources which are naturally replenished on a 

human timescale, such as sunlight, the wind, rain, tides, 

waves, and geothermal heat [5]. Renewable energy often 

provides energy in four critical areas: electricity generation, 

air, and water heating/cooling, transportation, and rural 

(off-grid) energy services.  

A. Wind Energy 

Wind energy is a form of solar energy. Wind energy describes 

the process by which wind is used to generate electricity [6]. 

Wind turbines convert the kinetic energy in the wind into 

mechanical power. A generator can convert mechanical 

power into electricity. Mechanical power can also be utilized 

directly for specific tasks such as pumping water. The Wind is 

the movement of air from an area of high pressure to an area 

of low pressure [7-8]. The wind exists because the sun 

unevenly heats the surface of the Earth. As hot air rises, cooler 

air moves in to fill the void. As long as the sun shines, the 

wind will blow. And as long as the wind blows, people will 

harness it to power their lives. Wind energy is a fast-growing 

sector to meet the global demand for clean, renewable energy 

[9]. The traditional Horizontal Axis Wind Turbines 

(HAWTs) have already seen the widespread implementation 

and effective power 

production. 
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 However, these turbines are limited to larger footprint area 

that also characterized with high wind speeds [10].  

To overcome these constraints, interest has been redeveloping 

in Darrieus (lift type) VAWTs to allow harnessing of wind 

energy in low wind zones with relatively lower noise 

pollution. To design and manufacture turbines which display 

sufficient efficiency and performance, the optimal design 

parameters need to be selected [11-12].  

In the recommended design one side of the turbine blades are 

facing the wind direction to capture maximum force while 

another team is edging the blades to have minimum opposite 

torque. Wind tunnel test is recommended for the proposed 

turbine model. Pope et al. [13] reported two independent fluid 

flow formulations were used to investigate the aerodynamic 

performance of a Zephyr VAWT. The change of 2-D transient 

and 3-D time averaged numerical predictions of the power 

coefficient exhibit a comparable change in magnitude to the 

experimental results. This indicated that both mathematical 

formulations provide correct trends for the changes of flow 

dynamics and power coefficients for changes in the VAWT 

geometry. The literature review on the windmill suggests that 

an improvement in the torque developed by the vertical axis 

machine is essential since they are operated in low speed and 

domestic conditions. Aim of this research to design a new 

type of Savonius wind turbine, evaluating the performance of 

the newly developed rotor, numerically simulation of the 

original design for parametric investigation and fabricate the 

proposed design. 

II. EXPERIMENTAL SETUP 

 The reason behind the efficiency drop in the Savonius 

turbine is the ripple force that acts on another blade (concave 

side) which also offers the air resistant. So design 

modifications in the turbine blades are to be done to 

compensate for the loss in efficiency. To avoid the air 

resistance and rippling force acting on the curved blade side, 

an innovative concept is derived which is the dynamical 

changing of swept area of the turbine blade. For that purpose, 

we use cloth (nylon taffeta rated at 190T or micro fabric with 

water repellent finish) instead of metal (surface). In each 

rotation, the cloth folds and unfolds to produce the required 

motion. The remaining setup is similar to the old Savonius 

wind turbine. Thus it is possible for generating more power at 

very lower wind speed (cut in speed) conditions. 

 In this project, we are focusing on the new design concept 

of the Savonius wind turbine. For that new design, we have 

designed an excellent supporting structure to get stable 

operation. For that, we require a blade frame, x-type bottom 

supporting structure, Centre supporting structure, hollow 

square box, waterproof cloth, bearing and dc motors for 

folding purpose 

A. Solution 

 To avoid the air resistance and rippling force acting on the 

curved blade side, an innovative concept is derived which is 

the dynamical changing of swept area of the turbine blade. For 

that purpose, we use cloth (nylon taffeta rated at 190T or 

micro fabric with water repellent finish) instead of metal 

(surface). In each rotation, the cloth folds and unfolds to 

produce the required motion.  

 

 

The remaining setup is similar to the old Savonius wind 

turbine. Thus it is possible for generating more power at very 

lower wind speed (cut in speed) conditions.  

B. Experimental Setup Parameters 

In this project, we focused on the new design concept of the 

Savonius wind turbine. For that new design, we have designed 

an excellent supporting structure to get stable operation. For 

that, we require a blade frame, x-type bottom supporting 

structure, Centre supporting structure, hollow square box, 

waterproof cloth, bearing and dc motors for folding purpose.  

In this phase, solid work 2015 software is used to design the 

new design of vertical axis wind turbine. This software used 

for making windmill develop and also used for analyzing the 

structural stability. Blade frame, x-type bottom support, 

supporting square box and central supporting shaft are 

designed using SolidWorks software. Table 1 shown below 

contains the details of the dimensions of the blade frame 

structure and supporting square box 

Table.1 blade frame dimension 

Name Length Width Height 

Blade frame 0.9 0.03 0.6 

Supporting 

square box 
0.2 0.2 0.2 

Table 2 shown below contains the details of the dimensions 

of supporting structure. 

Table 2 .supporting X-bottom structure dimension 

Name Dimension(Meter) 

Central supporting beam 1.5 

X-bottom 

support 

Length (horizontal ) 1 

Length (vertical ) 1 

 

C. SolidWorks Model Design 

 
Fig 1: Model of Windmill 

III. EXPERIMENTATION 

Experimentation was contacted on the new Savonius 

windmill design in the velocity ranges from 1m/s to 5 m/s. 

The rpm and air in/out speed are noted for each iteration. The 

sensor is not used for the folding function, and hence the cloth 

is made to move horizontally to get the required output.  
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Fig 2:  Experimental Model of Windmill 

A. Processed new design 

From the study on several research papers, it is clear that the 

vertical axis Savonius wind turbine can absorb a high amount 

of energy from the wind. But its output is low, and hence its 

efficiency is too low which is around 8% to 14%. The reason 

behind this efficiency drop is the ripple force that acts on 

another blade (concave side) which also offers the air 

resistant. 

 
Fig 3: SolidWorks design of windmill with cloth setup 

 
Fig 4: Experimental setup- New Windmill Design 

 To overcome this, the overlapped blade design is used 

which increase the efficiency by 22% to 24%. But still, it is 

not sufficient for promoting this turbine for energy generating 

device. Because the horizontal axis wind turbine has a higher 

efficiency than the Savonius turbine, so design modifications 

in the turbine blades are to be done to compensate for the loss 

in efficiency. 

IV. NUMERICAL MODEL 

3D modeling is created using SolidWorks 2015. Here we 

also use some basic mathematical models for the new design 

[14]. Momentum theory and blade element theories are the 

most common and fundamental methods to evaluate 

aerodynamic forces on the wind rotor as well as to the flow 

field. Therefore, an empirical approach was proposed in this 

study to determine rotor performance. Linear momentum 

theory neglects all wake losses and flows field interaction, and 

this leads to deviation of expected return from the 

experimental results, and the aspect ratio of the proposed 

VAWT was used in its dimensioning for the different power 

outputs and applications [15]. In the initial stage, blade 

element theory was implemented by using simple flat plate 

theory with the assumption of low rotational speed for 

modeling the wind rotor performance. Due to mismatch with 

experimental data, linear momentum theory was used to guide 

the experiment, while the empirical model was used for 

analyzing the rotor performance. Assumptions: Flow is 

incompressible, Flow is steady, in viscid, irrational, Flow is 

one-dimensional and uniforms through the rotor, No flow 

interactions between flow layers or streamlines [16]. 

 
Fig 5: Nomenclature 

A. Model Calculation and Formulae 

Dimensions of the frame and blade are as given in the table 

above. The kinetic energy of the air is converted into 

rotational energy using blades [17]. Then the shaft is 

connected to the electrical power by generators or the shaft 

energy also used as hydraulic pumping or grinding purpose. 

Angular velocity (ω) = (3.14*N) ⁄(60)… ……. (5.1)   

The rotor area is divided into thin flat strips along the span of 

the turbine and linear momentum theory is applied to each 

wind strip, (Refer fig 3.1) 

Angular velocity (ω) = V/R       …………………. (5.2) 

V=linier velocity of blade, R=radius of blade 

Linear velocity (V) =√  (u^2-v^2)  …………….   (5.3) 

u =velocity of air at entry, v = velocity of air at the exit 

By linear momentum theory, it can be found that the 

momentum change of each wind strip colliding on the blade at 

distance r from the shaft which is rotating at the angular speed 

of ω (see Fig.5) would be 

  = ( 1− ω)…………..  (5.4)   

Mass flow of wind strip at velocity U1 length L and width of 

dr, in kg/s, is   = . 1. .  ………….. (5.5) 

Force acting on the turbine blade due to momentum change of 

each wind strip, is       

 ( ) = . 1. . ( 1− ω)   ………….. (5.6) 

 Torque on the shaft ( ) = . 1. . ( 1− ω).r.  …….  (5.7) 

 By integrating torque for r = 0 to r = R, the resultant force on 

the rotor due to the wind is obtained as   

  =∫  ( )   0.  …….. (5.8) 

   = [( 12. 2)2 − 1.ω.r3/3 ]0R………….. (5.9)  

   = [( 12. 2)/2 

− 1.ω.R3/3] ………….. 

(5.10) 
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             = .ω………….. (5.11)   

 Turbine power = (2*3.14*N_rpm*T)/60…. (5.12) 

 Wind power= (0.5. .〖u1〗^3. ) ….. (5.13) 

 Efficiency   =            / wind power [20] … (5.14) 

   =2 .L ………..  (5.15) 

B. Computational work 

 3-D Savonius wind rotor with two blade configuration and 

new blade profile design with four blade configuration is 

modeled using SolidWorks software, and ANSYS 15.0 is 

used as CFD package to simulate the work. Momentum 

equations, turbulent kinetic energy, and vortices rate of 

turbulent kinetic energy have been solved computationally 

using the ANSYS Fluent [18]. Boundary conditions and other 

parametric units are kept the same for all the test cases done. 

 
Fig 6: 3D view of the newly designed rotor blade with 

fluid domain 

A pressure based solver with absolute velocity at steady state 

is used. Energy equation ON and K-Omega turbulence model 

with air as the working fluid. Inlet and exit boundary 

conditions are given, and the work is initialized using 

standard initialization to compute from the inlet. 

Second-order spatial discretization equations are used to 

solve the case [19]. 

V. RESULT AND DISCUSSION  

A. New Windmill Design Experimental Data 

In this section, 1st the numerical simulation results are 

discussed then we compare the simulation results to 

experimental results. In this numerical simulation analysis is 

done in the same software which is called Ansys workbench 

Fluent 15.0. The following types are analyzed in the Ansys 

software. 

1. Savonius windmill with two-blade configuration 

2. Overlapped Savonius windmill with two-blade 

configuration 

3. New design Savonius windmill with four blade 

configuration   

 

 

B. Predicted Results from CFD Software 

5.2.1 Savonius Windmill with Two Blade Configuration 

Table: 

 

Table 4 Savonius Wind Mill with Two Blade Configuration 

 
 

 
Fig 7: Velocity profile ̀  Fig 8: Static pressure profile 

 

5.2.2 Overlapped Savonius Windmill with Two Blade 

Configuration: 
 

Table 5 Overlapped Savonius Wind Mill with Two Blade 

Configuration 

 
 

 
     

 

 

 

 

 

       Fig 9: Velocity profile    

 
Fig 10: Static pressure profile 

5.2.3 New Design Savonius Windmill with Four Blade 

Configuration 
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Table 6 New Design Savonius Wind Mill with Four Blade 

Configuration 

 
 

 
 

Fig 11: Velocity profile `  Fig 12:   Static pressure 

profile 

 

C. Comparison results 

Figure 13 shows the variation of rpm concerning inlet air 

velocity. From the figure, we understand that when there is an 

increasing air velocity, the rpm gets increased. From the 

figure, it’s clear that the rpm of the new design is high than 

others. But surprisingly the overlapped Savonius windmill 

gets more rpm than over experimental values. The last one is a 

standard Savonius windmill. 

 
Fig 13: Air velocity Vs Nrpm 

 
Figure 14:  Air Velocity Vs Torque 

From the figure 14, its shows that the torque is very high on 

the new blade design. The experimental setup has the 2nd 

highest torque. The surprisingly standard Savonius windmill 

has more torque than the overlapped Savonius windmill. 

 

 
Fig 15: Air Velocity Vs Shaft Power 

From the figure 15, the shaft power gets more values with 

increasing air velocity. From the figure 15, the shaft power of 

the new is higher than the others. The newer design has high 

amounts of rpm and torque than others. The 2nd point is, there 

is no force acting on it like ripple force and air resistance due 

to the rotation of a blade on its axis. The experimental setup 

gets 2nd place in shaft power list. The order is followed by 

overlapped Savonius windmill then standard Savonius 

windmill. 

 
Fig 16 Air Velocity Vs Efficiency 

From figure 16, the efficiency of the newer design is higher 

than the other two design. The experimental model gets 2nd 

place in the efficiency battle. The order is followed by 

overlapped Savonius windmill and standard Savonius 

windmill. The efficiency drops occur in the other two systems 

is due to the force acting on it like ripple force and the air 

resistance which arises due to the rotation of a blade on its 

axis. 

 
Fig 17 Power in Shaft and Air 

In figure 17 the comparison is carried out for the power 

availability in the shaft as well 

as air. It clearly shows that the 

new design can extract more 

power from the air. 
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 The experimental design is also able to achieve more power 

than conventional models. So, the modification has some 

improvement in the performance. 

VI. CONCLUSION  

A numerical simulation has been developed to investigate the 

performance improvement in the modified Savonius windmill 

design. An experimental setup has been designed to validate 

the numerical results. But the absence of the sensor system, 

the required design can’t be made. So the experimental setup 

is done by an alternate technique which will offer somehow 

the approximate results. From the results, the new design has 

higher efficiency than conventional models. But it’s not able 

to match the new design’s effectiveness. Because of the 

absence folding cloth method. If it’s possible to use the sensor 

means the efficiency of the system will increase. The 

efficiency of the new design concept varied from 70% to 80% 

from the numerical results (considering all the losses). The 

experimental results show that the efficiency of the system 

lays typically 38% to 44%. So, there is a chance to get 

increasing efficiency in the order.So that the new design 

offers more shaft power generation than the conventional one. 

In this new design, the blade is made up of cloth. So the 

overall cost comes down. For the domestic purpose, the 

experimental setup design is enough.  For more considerable 

power-generating windmill, the sensor system is used for 

folding operations. This slow speed windmill can be installed 

at a lower level and suitable for the domestic purpose. Here 

the tradition blades are changed to air blocking clothes. For 

this purpose, it is proposed to dynamically adjust the swept 

volume of the module by adjusting its folding length which 

may reduce the gearbox cost and related mechanical losses. 

Thus it is possible for generating more power at very lower 

wind speed (cut in speed) conditions. A proper improvement 

of this system may help for large scale installation too. 
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