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 The vertical axis wind turbine is simple in construction, low cost, self-starting at low wind speeds, and does not require a yaw 

mechanism. It always points towards the wind direction. This makes it suitable for generating electrical energy for household 

applications in rural and urban areas in many countries, especially in India. The combination of Savonius and Darrieus vertical 

axis wind turbines is known as a hybrid turbine. A hybrid turbine with a combination of Savonius and Darrieus is being 

investigated to improve the coefficient of power with the same aspect ratio. To achieve this objective, the first Savonius turbine 

was experimentally tested with a gap between the central shaft and the rotor with two blades, three blades, and four blades in the 

previous paper. Furthermore, the Savonius, Darrieus, and modified hybrid turbines are tested at different wind velocities through 

a wind tunnel. This project is proposed to perform and compare the following analysis Static analysis, Fatigue analysis, Modal 

analysis, Random Vibrational Analysis and Dynamic analysis. 
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1. INTRODUCTION 

 In today's life, electricity has become one of the basic 

needs, like food, water, etc., for people. Power is needed 

in every part of life, from the household to the industrial 

level. A day without electricity is compared to a 

nightmare. Since its inception in the very early days of 

the 19th century, the electricity demand has been 

increasing with time. Electricity reduces human labour, 

saves time, and provides precise output. Though the 

electricity demand is increasing, the production of 

electricity is not adequate. In this project, a modified 

H-type self-starting vertical axis wind turbine is designed 

in which the blades are twisted in such a way that they 

can capture the air from both directions for maximum 

efficiency. For maximum speed, the angle between each 

blade is made at 120°. The main advantage of this system 

is that it can supply continuous electricity. The proposed 

model of the vertical axis wind turbine is illustrated in 

Figue1. 

 

Figure 1.1 A Proposed Model of Vertical Axis Wind 

Turbine 

This project has the following objectives:  

1. Designing a vertical axis wind turbine.  

2. To implement the project on a highway divider in 

Bangladesh. 

Designing Component Description 
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Specifications of Turbine  

Height of the blade = 24 inch = 0.61m 

Diameter of the blade =30 inch = 0.762m  

Width of the blade = 8 inch = 0.20m  

Height of the Shaft = 38 inch = 0.97m  

Diameter of the shaft = 19mm 

 Area = diameter * height = 0.762* 0.61 = 0.46 m2  

Total weight of blades = 800g × 3 = 2.4 kg  

Total Height of the turbine = 58 inch = 1.47m  

Total weight of the turbine = 12kg 

1.2 VERTICAL AXIS WIND TURBINES  

VAWTs: Vertical-axis wind turbines (VAWTs) come in a 

wide and interesting variety of physical configurations, 

and they involve a range of complex aerodynamic 

characteristics. Not only were VAWTs the first wind 

turbines to be developed, but they have also been built 

and operated on a scale matching some of the biggest 

wind turbines ever made. VAWTs can in principle attain 

coefficients of performance (CP max) that are comparable 

to those for horizontal-axis wind turbines (HAWTs), and 

they have several potentially significant advantages over 

HAWTs. 

2.METHODOLOGY 

There were two scopes we followed to achieve our 

objectives: 1. Performance analysis: where we study the 

different parameters that affect the performance. 

Parametric studies were performed using different 

methods, from which we got the overall dimensions and 

different characteristics of the turbine. 2. Design analysis: 

where we select the materials that the turbine is made of. 

Stress analysis and vibration analysis were performed to 

ensure the safe operation of the turbine under extreme 

conditions. VAWT design parameters 

The wind turbine parameters considered in the design 

process are:  

1. Turbine swept area 

 2. Tip speed ratio  

3. Number of blades  

4. Turbine Aspect ratio 

 5. Turbine solidity  

6. Air foil type 

 7. Pitch angle  

8.Massofmomentofinteria. 

 

 

3.LITERATURE REVIEW 

 Niranjana, S.J [1] asked to generate power by fixing the 

vertical axis wind turbines on the highways. This paper 

indicates that the vertical axis wind turbine can generate 

1 KW of power when it moves at 25 m/s. Abhijit N. Roy 

[2] et al. tried to design and fabricate an economical 

vertical axis wind turbine. In this experiment, the shaft of 

the rotor is connected vertically to the wind turbine with 

the generator. It uses a gearbox that can be fixed near the 

ground. D.A. Nikam [3] et al. reviewed the literature and 

development of the blade of the vertical axis wind 

turbine. This paper indicates the characteristics and 

advantages of both HAWT and VAWT. The experimental 

outcome of this paper shows that the design of the blade 

plays an essential role in the performance of the turbine. 

A modified blade can improve the efficiency of the wind 

turbine. Altab Hossain [4] et al. showed a design that 

investigated the development of vertical axis wind 

turbines. The blade and the drag devices are designed in 

such a way that they are at a ratio of 1:3 to the wind 

turbine. The calculated output of this experiment is that it 

produces 567W and 709W of power when the wind 

speeds are 20 m/s and 25 m/s, respectively. Niranjana, S.J 

[1] asked to generate power by fixing the vertical axis 

wind turbines on the highways. This paper indicates that 

the vertical axis wind turbine can generate 1 KW of 

power when it moves at 25 m/s. Abhijit N. Roy [2] et al. 

tried to design and It is feasible to build a cost-effective 

vertical-axis wind turbine. In this experiment, the shaft of 

the rotor is connected vertically to the wind turbine with 

the generator. It uses a gearbox that can be fixed near the 

ground. D.A. Nikam [3] et al. reviewed the literature and 

development of the blade of the vertical axis wind 

turbine. This paper indicates the characteristics and 

advantages of both HAWT and VAWT. The experimental 

outcome of this paper shows that the design of the blade 

plays an essential role in the performance of the turbine. 

A modified blade can improve the efficiency of the wind 

turbine. Altab Hossain [4] et al. showed a design that 

investigated the development of vertical axis wind 

turbines. The blade and the drag devices are designed in 

such a way that they are at a ratio of 1:3 to the wind 

turbine. The calculated output of this experiment is that it 

produces 567W and 709W of power when the wind 

speeds are 20 m/s and 25 m/s, respectively. 

 

 



  

 

 
152  International Journal for Modern Trends in Science and Technology 

 

 

4. MATERIAL SELECTION 

The material selection was based on many factors: 1. 

Availability of materials in the local market2. The 

material cost. 3. Strength and other mechanical properties 

of the material. 4. Machining ability. 5. The effect on the 

moment of inertia of mass 

Table 4.1 Material properties 

Material  Density 

(kg/m3) 

Youngs 

modulus (MPa) 

Poisson’s 

ratio  

Aluminium alloy  2770 71000 0.33 

Fiber glass  2000 11500 0.2 

Wood  607 420 0.02 

Table 4.1 Material properties 

 

5.  3-D MODELLING OF VERTICAL AXIS WIND 

TURBINE:  

 

Fig :5.1. vertical axis wind turbine 

This vertical axis wind turbine model was designed 

using CREO parametric design software. The model 

was created to VAWT specifications. The vertical axis 

wind turbine model was created by part design and 

assembly design. First, we created individual parts for 

VAWT and then assembled all the individual parts to 

make a final product of VAWT. 

 
Fig :5.2. top view of vertical axis wind turbine 

To calculate wind turbine power, you need to 

estimate two values: the available wind power and 

the efficiency of the wind turbine. Multiplying these two 

values produces an estimate of the power output of the 

wind turbine. Below you can find the whole procedure: 

1. The swept area of the turbine: 

Before finding the wind power, you need to determine 

the swept area of the turbine according to the following 

equations: 

For VAWT: A = D * H 

D is the diameter 

H is the turbine height 

A= 1×1.5 = 1.5m2 

2. Calculate the available wind power 

Once you know the swept area, you can find the 

available wind power according to this formula: 

P wind = 0.5×ρ × V3 × A 

where: 

A= is the swept area 

Ρ= is the air density, assumed to be 1.225 kg/m³ 

by default (you can change it in advanced mode) 

V= is the wind speed - the typical usable range is 

approximately 3-25 m/s 

Pwind= is the available wind power 

For Inlet velocity – 16m/s  

P wind = 0.5×1.225 × (16)3 × 1.5 

P wind =3766.272WP wind = 3.766KW 

For Inlet velocity – 20m/s  

P wind = 0.5×1.225 × (20)3 × 1.5 

P wind =7356W 

P wind = 7.356KW 

3. Calculating the output power 

To find the wind turbine power, simply 

multiply the efficiency by the wind power 

available: 

For inlet velocity 16m/s 

P output = μ * Pwind 

P output = 0.35 × 3.766 

P output = 1.3181Kw. 

For inlet velocity 20m/s 

Poutput = μ * Pwind 

P output = 0.35 × 7.356 

P output = 2.5746KW. 

https://www.omnicalculator.com/physics/air-density
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4. CALCULATE THE TORQUE  

The torque (or the force causing the rotation of the 

blades) is calculated from the Tip Speed Ratio (TSR) of 

the turbine.  

You can find it using the following formula: 

τ = (P output / RPM) * (30 / π) 

For inlet velocity 16m/s 

τ = 1.3181/ 611.46) × (30/π) 

τ = 0.2059N-M 

For inlet velocity 20m/s 

τ = 2.5746/ 764.33) × (30/π) 

τ = 0.04022N-M 

where: 

RPM is the revolutions per minute 

τ is the torque 

To calculate the number of revolutions per minute, use 

these equations: 

For VAWT: RPM = 60 * v * TSR / (π * D) 

= 60×16× 2 / (3.14×1) 

RPM= 611.46 

 

5.1 STRUCTURAL ANALYSIS OF VERTICAL AXIS 

WIND TURBINE 

Designed models are converted to igesor.igs files which 

are compatible with the Ansys workbench for structural 

analysis. 

 

Fig :5.3. Imported model 

5.2 DISCRETIZATION OR MESHING  

Coarsen mesh results in a high error percentage, whereas 

it takes less time to compute the results. To get higher 

accuracy, a fine mesh size of 0.01 m with a smooth 

transition and skewness is used. Mesh details are shown 

in the below table. 

 

 

Mesh details  

Physical preference Ansys mechanical 

Element size 0.01m 

Mesh metric Skewness 

Inflation  Smooth transition 

Mesh statistics   

Number of Nodes 1104682 

Number of elements 651279 

The above-mentioned mesh details are for reference 

capsules for optimized models. Mesh statistics change 

because of the surface area and length changes. The 

number of nodes is in the range of 10 lakhs to 15 lakhs 

and the number of elements is in the range of 6 lakhs to 9 

lakhs 

 

Fig: 5.4. Meshed model 

The pressure applied to the vertical axis wind turbine is 

dynamic pressure, which is calculated by the formula 

given below. Where is the density of air = 1.22 g/kg/m3 

and V is the velocity of the vertical axis wind turbine = 16 

rad/s. 

5.3 BOUNDARY CONDITIONS 

Structural analysis was carried out by fixing the bottom 

of the vertical axis wind turbine. Before going for 

analysis, the body should be constrained fully (locking 

the degree of freedom of the body). Constraining the 

body is achieved by using fixed support and 

displacement conditions. 

https://www.omnicalculator.com/physics/torque
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Fig :5.5. Boundary conditions 

5.4 MATERIAL- ALUMINIUM ALLOY 

 

 

 

Fig 5.4.1 Deformation of the aluminium alloy at16m/s 

Fig 5.4.2 Stress of aluminium alloy at 16 m/s 

 Fig 5.4.3 Strain of aluminium alloy at 16m/s 

5.5 MATERIAL- FIBERGLASS  

 

 

 

Fig 5.5.1 Deformation of fiberglass at 16m/s 

Fig 5.5.2 Stress of fiberglass at 16 m/s 

Fig 5.5.3 Strain of fiberglass at 16m/s 

 

5.6 MATERIAL- WOOD 

 5.7 MATERIAL- ALUMINIUM ALLOY 

 

 

Fig 5.7.1 Deformation of the aluminium alloy at 20m/s 

Fig 5.7.2 Stress of aluminium alloy at 20 m/s 

Fig 5.7.3 Strain of aluminium alloy at 20m/s 
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5.8 MATERIAL- FIBERGLASS  

 
Fig 5.8.1 Deformation of fiberglass at 20m/s 

Fig 5.8.2 Stress of fiberglass at 20 m/s 

Fig 5.8.3 Strain of fiberglass at 20m/s 

5.9 MATERIAL- WOOD  

 
a) Fig 5.9.1 Deformation of wood at 20m/s  b)Fig 5.9.2 

Stress of wood at 20 m/s c)fig 5.9.3 Strain of wood at 

20m/s  

 

6. FATIGUE ANALYSIS OF VERTICAL AXIS WIND 

TURBINE  

6.1 MATERIAL- ALUMINIUM ALLOY  

 

Fig 6.1.1 life of aluminium alloy at 20m/s 

Fig 6.1.2 damage of aluminium alloy at 20m/s 

Fig 6.1.3 safety factor of the aluminium alloy at 20m/s 

7. DYNAMIC ANALYSIS OF VERTICAL AXIS WIND 

TURBINE 

MATERIAL- FIBERGLASS 

At 10 sec  

 

Fig 7.1 Deformation   Fig 7.2 Stress    Fig 7.3 Strain  
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At 20 sec  

 

Fig 7.4 Deformation   Fig 7.5 Stress   Fig 7.6 Strain  

At 30 sec  

 

Fig 7.7 Deformation   Fig 7.8 Stress   Fig 7.9 Strain  

8. MODAL ANALYSIS OF VERTICAL AXIS WIND 

TURBINE  

8.1 MATERIAL-ALUMINIUM ALLOY  

 

Fig 8.1 Mode shape-1 of aluminium alloy 

Fig 8.2 Mode shape-2 of aluminium alloy 

Fig 8.3 Mode shape-3 of aluminium alloy 

8.2 MATERIAL- FIBERGLASS  

 

Fig 8.4 Mode shape-1 of fiber glass 

Fig 8.5 Mode shape-2 of fiber glass 
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Fig 8.6 Mode shape-3 of fiber glass 

8.3 MATERIAL- WOOD  

 

 

 

Fig 8.7 Mode shape-1 of wood  

Fig 8.8 Mode shape-2 of wood 

Fig 8.9 Mode shape-3 of wood 

 

9. RANDOM VIBRATION ANALYSIS OF VERTICAL 

AXIS WIND TURBINE  

9.1 MATERIAL-ALUMINIUM ALLOY 

 

 

 

Fig 9.1 X- directional deformation of aluminium alloy 

Fig9.2 Y- directional deformation of aluminium alloy 

Fig 9.3 Z- directional deformation of aluminium alloy 

 

9.2 MATERIAL- FIBERGLASS  
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Fig 9.4 X- directional deformation of fiber glass 

Fig 9.5 Y- directional deformation of fiberglassFig 9.6 Z- 

directional deformation of fiber glass 

 

 

Fig 5.6.1 Deformation of wood at 16m/s 

Fig 5.6.2 Stress of wood at 16 m/s 

Fig 5.6.3 Strain of wood at 16m/s 

 

10. RESULTS AND DISCUSSIONS 

Material  Speed 

(m/s)  

Deformation 

(mm) 

Stress 

(MPa) 

Strain  

Aluminium 

alloy  

16 0.68335 20.747 0.000292 

20 1.0677 32.418 0.000456 

Fiber glass  16 2.9968 15.101 0.0013 

20 4.6825 23.595 0.00205 

Wood  16 23.651 4.5411 0.010816 

20 36.955 7.0954 0.016899 

Table 10.1. static analysis results table 

From table 6.1, the comparison between materials and 

speeds, in this table we discussed deformation, stress, 

and strain for 16 m/s and 20 m/s, the used materials being 

aluminium alloy, fiberglass, and wood. By observing the 

stress values increase by increasing the speed of the 

VAWT, when we compare the materials, the wood 

material has less stress than aluminium alloy and 

fiberglass. The aluminium alloy has 20.747MPa for 16 

m/s, 32.418MPa for 20 m/s, the fiberglass stress has 

15.101MPa for 16 m/s, 23.595MPa for 20 m/s, and the 

wood material has 4.5411MPa for 16 m/s and 7.0954MPa 

for 20 m/s. 

Material  Speed(m/s)  Life  Damage  Safety 

factor  

Aluminium 

alloy  

16 1×e20 2.45e-7 1.9275 

20 1×e20 6.5734e-7 1.2336 

Fiber glass  16 1×e20 1.1695e-7 2.6483 

20 1×e20 3.3028e-7 1.6949 

Wood  16 1×e20 5.3956e-9 8.8063 

20 1×e20 1.7222e-8 5.6361 

Table10.2. fatigue analysis results table 

Material  Mode shape  Deformation (mm) Frequency 

(Hz) 

Aluminium 

alloy  

1 4.7742 11.259 

2 5.1085 11.469 

3 4.747 13.16 

Fiber glass  1 5.6034 5.3778 

2 5.9895 5.4699 

3 5.5675 6.2453 

Wood  1 10.12 1.9178 

2 10.781 1.9442 

3 10.01 2.2045 

Table 10.3. modal analysis results table 

Material  Direction   Deformation (mm) 

Aluminium alloy  X 27.166 

Y 33.844 

Z 25.786 

Fiber glass  X 0.65665 

Y 0.5989 

Z 3.2914 

Wood  X 0.4047 

Y 0.32292 

Z 2.5384 

Table 10.4. random vibration analysis results table 
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10.1 Dynamic analysis results table  

Material  Time 

(sec)  

Deformation 

(mm) 

Stress 

(MPa) 

Strain  

Aluminium 

alloy  

10 0.00078 0.1179 1.6686e-6 

20 0.00086 0.12999 1.837e-6 

30 0.00177 0.26528 3.75e-6 

Fiber glass  10 0.0035 0.083393 7.2633e-6 

20 0.0038 0.091939 8.0077e-6 

30 0.00741 0.1876 1.6339e-5 

Wood  10 0.029 0.025131 5.988e-5 

20 0.032 0.027702 6.6015e-5 

30 0.066 0.056454 0.00013453 

 
plot: 1.Time Vs Deformation  

 
Plot .2  Time Vs Stress 

 

Plot .3. Time vs Strain  

11.CONCLUSION 

The vertical axis wind turbine is simple in construction, 

low cost, self-starting at low wind speeds, and does not 

require a yaw mechanism. It always points towards the 

wind direction. This makes it suitable for generating 

electrical energy for household applications in rural and 

urban areas in many countries, especially in India. This 

vertical axis wind turbine model was designed using 

CREO parametric design software. The model was 

created to VAWT specifications. The vertical axis wind 

turbine model was created by part design and assembly 

design. First, we created individual parts for VAWT and 

then assembled all the individual parts to make a final 

product of VAWT. VAWT analysis in ANSYS software.  

1. By observing the static analysis, the comparison 

between materials and speeds, in this table we 

discussed deformation, stress, and strain for 16 m/s 

and 20 m/s, the used materials being aluminium 

alloy, fiberglass, and wood. By observing the stress 

values increase by increasing the speed of the 

VAWT, when we compare the materials, the wood 

material has less stress than aluminium alloy and 

fiberglass. The aluminium alloy has 20.747 MPa for 

16 m/s, 32.418 MPa for 20 m/s, the fiberglass stress 

has 15.101 MPa for 16 m/s, 23.595 MPa for 20 m/s, 

and wood material has 4.5411 MPa for 16 m/s and 

7.0954 MPa for 20 m/s. 

2. According to the fatigue analysis, wood has a higher 

safety factor than aluminium alloy and fiberglass. By 

observing the random vibration and modal analysis, 

the deformation of wood material is more 

predictable. So, it can be concluded that the wood 
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material is the best because the wood has more 

deformation. 

3. According to the dynamic analysis, wood has a 

higher deformation at 30s.by observing stress values 

the material of aluminium alloy is gets higher. The 

strain value is low at wood material. 
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