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Abstract: Wind energy is renewable source of energy and is available in nature. These days wind energy become most popular
energy source. In present paper 3D models of VAWTs was designed with and without diffuser. The diffuser was designed to
direct the wind towards the turbine blades to increase the wind velocity for more power generation. These models are analyzed by
using computational fluid dynamics tools. All models are designed using Catia V5 and results of these models are presented.
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l. INTRODUCTION

Wind energy outshines all other renewable energy resources due to the recent technological improvements. Electrical energy
generation from wind power has increased rapidly and due to the increased interest many studies on efficient wind turbine design
have been performed. In this study, a new wind turbine concept suitable for power generation at highway and low wind speeds is
demonstrated. 3D models of VAWTSs were designed with and without diffuser. The diffuser was designed to direct the wind
towards the turbine blades to increase the wind velocity for more power generation. In this paper, performance analyses of the wind
turbine models concept are performed and the results are summarized.

1. METHODS AND METHADOLOGY
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Figure 2-1: Assembly of model-1

Figure 2-2: Assembly of model-2

©IJRASET 2015 Al Rights are Reserved 254



Www.ijraset.com Volume 3 Issue XI, November 2015
IC Value: 13.98 ISSN: 2321-9653

International Journal for Research in Applied Science & Engineering
Technology (IJRASET)

Figure 2-3: Assembly of model-3

The above figure 2-1 is the assembly of model-1. These 3D models are designed in Catia v5 modeling software. In our model we
have designed the diffuser for the purpose to direct the wind towards the airfoil shaped blades to increase the wind velocity and
power generation. The diffuser design is also an airfoil to utilize more amount of wind which is being wasted at the entrance of
diffuser. The blade dimensions are Height is 800mm, Diameter is 608mm, Thickness is 8mm, and Angle is 45°. The shaft
dimensions are Diameter is 25mm and length is 850mm. The base dimensions are Height is 152mm and Width is 880mm. The
bearing diameter is 25mm.

In assembly of model-2 we used the same airfoil shaped blades but the dimensions of blades are changed as per the design of
diffuser. In 2" model we changed the diffuser design to increase the wind velocity. For that we have increased the radius of the
diffuser at the entrance of the wind and also increased the thickness at the entrance. We made round shape design at entrance to
increase the wind velocity and power generation. Here more outward diverting wind is directed towards the turbine blades.

In model-3 we used the same airfoil shaped blades but changed dimensions of blades as per the design of diffuser. In this model we
changed the diffuser design by making it straight with reduced thickness at the entrance of the wind. In each design we were
changing the diffuser design to optimize the turbine which will give more power. In each model the blade shape is kept same in all
the models.

A. Experimental Results Considered For The Analysis
To determine the potential of wind prevailing at highways experiments were conducted at highway. Results obtained are shown in
table 2.1. Vehicle speed and wind velocity were measured with the help of speedometer and anemometer.

Table 2-1: Variation of wind velocity with respect to Vehicle speed

SI. No Vehicle speed | Wind Anemometer speed

(Km/hr) velocity(m/s) (rpm)

01 20 4.28 555

02 40 8.50 1125

03 60 13.63 2153

04 80 21.26 2778

05 100 29.37 3407

06 120 32.62 4500

1. RESULTS AND DISCUSSIONS

A. Model 1
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1) Velocity 4.28m/s:

Figure 3-1: Different views of air swirl for model 1

Figure 3.1 shows the different views of air swirl around the area of the blades. After air flows on the blade surface some amount of
air moves on blades, this air starts to swirl around the blade area and some amount of air flows directly without strikes the blades
through the gap between blades this would cause the swirl of air at the back side of the diffuser. This air swirl and some amount of
air which is passed between the blades without strikes on the blades offers some resistance to the blades. Rotation of this air causes
variatation of power from one step to another. As the wind velocity increases the velocity of air swirl also increases.
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Figure 3-2: Power variations with number of steps
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Figure 3-3: Velocity variations along the length

The figure 3.2 shows the variations of power. We have considered the variation of power for every 50 steps. The power varies from
one averaged 50 steps to another because of air swirl around the blades and some amount of air passing between the blades, it offers
the resistance to rotation hence power is dropped. The power generated for velocity of 4.28m/s is 0.8W.
The figure 3.3 shows the variation of velocity along the length. Here we have considered the length from entrance of air at the
diverging inlet to the air passes away after strikes on the blades surface. By using diverging section, wind velocity increases around

0.75m/s compared to normal wind velocity.

B. Velocity 8.50m/s:
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Figure 3-4: Power variations with number of steps
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Figure 3-5: Velocity variations along the length

Figure 3.4 shows the variation of power with the number of steps. For velocity of 8.50 m/s, power generated is 2.29W. Figure 3.5
shows the variations of velocity along the length of the line, which is drawn from the inlet of diverging portion to the end of blades.

The wind velocity increases to 1.53m/s were observed and hence power generation is also increases by using diffuser

3) Velocity 13.63m/s:
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Figure 3-6: Power variations with number of steps
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Figure 3-7: Velocity variations along the length

Figure 3.6 shows the variation of power with the number of steps. Here the power is continuously varies from one step to another
step. The power generated for this wind velocity is 8.03W.
Figure 3.7 shows the variation of velocity along the length of the line. In this section the wind velocity is increases to 2.4m/s.
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4) Velocity 21.26m/s:
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Figure 3.9: Velocity variations along the length

Figure 3.8 shows the variations of power with the number of steps for velocity of 21.26 m/s. The power is continuously varies from
one step to another because of air swirl and the air movements between the blades and shaft. For this velocity the power generated is

14.355W.

Figure 3.9 shows the variations of wind velocity along the length of line. The velocity increases at the diffuser around is 3.95m/s.

B. Model 2

1) Velocity 4.28m/s:
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Figure 3-10: Different views of air swirl for model 2

Figure 3.10 shows the different views of air swirl around the blades. Figure 3.10 (a) shows the air swirl in Y plane, by keen
observation of the picture, some amount of air moving along the blade rotation with velocity 1.6m/s. This is indicated by light blue
color vectors. Figure 3.10 (b) shows the vectors of air movement in X plane, the air strike on the surface of blade and some amount
of air moving back towards the diffuser which is indicated by blue color vectors. The velocity increases at the diffuser which is
indicated by the red color vectors. Red color vectors show the maximum velocity at diffuser. Figure 3.10 (c) is another view of
turbine assembly here air swirl between blades and shaft is less compared to model 1.
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Figure 3-11: Power variations with number of steps
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Figure 3-12: Velocity variations along the length

The figure 3.11 shows the variation of power with the number of steps. The power generated is 1.01W for this velocity.
The figure 3.12 shows the variation of velocity along the length. For this model the wind velocity is increases around 0.81m/s at the
diffuser, hence generate more power than the model 1.

2) Velocity 8.50m/s
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Figure 3-13: Power variations with the number of steps
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Figure 3-14: Velocity variations along the length

Figure 3.13 shows the power variations for velocity 8.5 m/s. The power generated is 4.39W for this velocity.
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Figure 3.14 shows the variation of velocity along the length. For this design of diffuser the wind velocity at entrance of it is
increased around 1.62m/s.

3) Velocity 13.63m/s
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Figure 3-15: Power variation for velocity
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Figure 3-16: Velocity variation along the length

Figure 3.15 shows the variation of power with number of steps. Power is varying from one step to another. For this velocity the
average power is 10.208W.

Figure 3.16 shows the variation of velocity along the length. The velocity is decreasing after hitting the blade it is because of the
kinetic energy of wind is extracted from turbine. Here velocity is increasing around 2.56m/s.

4) Velocity 21.26m/s
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Figure 3-17: Power Variation with the number of Steps
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Figure 3-18: Velocity variation along the length

Figure 3.17 shows the power variation with number of steps. Here also power is varying from one step to another step. The power

generated for this velocity is 26.345W.
Figure 3.18 shows the variation of velocity along the length. Here velocity is increasing around 4.08m/s. The maximum velocity is

at the diffuser section and minimum is at the air movement after the striking on the blade surface where the energy in wind is
harnessed from turbine blades

C. Model 3

1) Velocity 4.28m/s:

(b)
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Figure 3-19: Different views of air swirl for model 3

The above figures show the different views of air swirling around the blade area. Figure 3.19 (a) shows the air swirling around the
blades in X plane here we can see the air stream towards the outlet of domain and some moving back towards the diffuser wall.
Figure 3.19 (b) shows clearly the air movement towards the diffuser and some amount of air moving through the blades rotation
velocity of these vectors is low. Figure 3.19 (c) shows the next step of (b) here we the air movement on the blades surface due to
swirl at the diffuser, inside surface which is exposed to the blade side. In this model more power generate, since here air swirl and
air movement between the blades is less compared to model 1.
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Figure 3-20: Power variation with the number of steps
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Figure 3-21: Velocity variation along the length
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Figure 3.20 shows the variation of power with the number of steps for velocity 4.28m/s. We have obtained a power of 0.858W.
Figure 3.21 shows the variations of velocity along the length of the line which is drawn from air entrance at the diffuser to air
passing away from blades after blades rotation. In this case velocity is increased around 0.99m/s.

2) Velocity 8.50m/s:
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Figure 3-23: Velocity variation along the length

Figure 3.22 shows the variation of power with the number of steps for velocity 8.50m/s. We have gained a power of 3.36W.
Figure 3.23 shows the variations of velocity along the length of the line. The velocity at the diffuser is increasing around 1.97m/s.

3) Velocity 13.63m/s:
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Figure 3-25: Velocity variation along the length

Figure 3.24 shows the variations of power with the number of steps. Here the power is varying because of air swirl around the blade
area. The power generated is 8.78W.
Figure 3.25 shows the variations of velocity along with the length of the line. Here the velocity at the diffuser is increased around

3.06m/s.

4) Velocity 21.26m/s :
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Figure 3-27: Velocity variation along the length
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Figure 3.26 shows the power variations with the number of steps Even here the power is varying continuously with number of steps.
Figure 3.27 shows the velocity variations along the length of the line. The increased velocity for this model is around 4.23m/s.

D. Comparison of Analytical Results
Table 3.1: Results of CFD analysis

Sl Vehicle velocity Power (W)
No speed (m/s)

(Kmihr) Model | Model | Model

1 2 3

01 20 4.28 0.8 1.01 0.858
02 40 8.50 2.29 4.39 3.36
03 60 13.63 8.03 | 10.208 | 8.78
04 80 21.26 14.355 | 26.345 | 21.10

Table 3.1 shows the analytical results of all models. For all wind velocities more power is generated using model 2 and model 3 for
different wind velocities compared to model 1. Based on the CFD analytical results we conclude that model 2 is the best, which
gives more power compared to model 1 and model 2. Considering model 3 gives us the more wind velocity at the diffuser compared
to model 1 and model 2

1) Variation Of Power With Vehicle Speed:
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Figure 3-28: variation of power with vehicle speed

Figure 3.28 shows the variation of power with respect to vehicle speed. As we said earlier the power in model 2 is more compared
to other two models and model 3 is producing more power than the model 1.

(AVA CONCLUSION

From the results obtained, the following conclusions are made.

For velocity 4.28m/s the power increased in model 2 are 26.25% and 17.71% compared to model 1 and model 3 respectively. In
model 3 power increased to 7.25% compared to model 1.

For velocity 8.50m/s power increased in model 2 are 91.7% and 30.65% compared to model 1 and model 3 respectively. In model 3
power increased to 46.72% compared to model 1.

For velocity 13.63m/s power increased in model 2 are 27.12% and 16.26% compared to model 1 and model 3 respectively. In model
3 power increased 9.38% compared to model 1.

For velocity 21.26m/s power increased in model 2 are 83.52% and 24.85% compared to model 1 and model 3 respectively. In model
3 power increased 46.98% compared to model 1.
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