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Abstract: Fossil fuels, although an essential source of energy,
have been a major cause for the degradation of the environment.
The negative impacts created by these fossil fuels have forced
mankind to adopt alternate measures for energy production.
Renewable energy resources have been optimal in replacing the
conventional energy sources as they are environmental friendly.
Wind energy has been harnessed effectively all over the world for
the production of electric power. Wind turbines extract the kinetic
energy of the wind and convert it into mechanical energy and
further convert it into electrical energy using generators. In this
work, we have compared the performance of the Savoniusturbine
with five different blade designs. Initially, the flow around the
different blade designs has been analyzed through computational
fluid dynamics. Subsequently, the turbine blades were fabricated
using light-weight materials like Aluminium sheet metal and
tested in the low speed wind tunnel. The performance of the
turbine has been characterized by measuring its rotational speed
(in terms of RPM) and the amount of torque produced at different
wind velocities. Based on the wind tunnel tests we were able to
conclude that among the five blade designs, the V-shaped blade
with an interior angle of 60 *hasthe highest coefficient of power of
0.09 at 12.6 m/s.
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I. INTRODUCTION

The risng levels of carbon dioxide emissions,

greenhouse gases and dramatic climate changes have forced
governments all over the world to adopt clean and
environmentally friendly technologies. Renewable energy
sources are an effective alternative to conventiona energy
sources like fossil fuels, which have been deteriorating at an
alarming rate. Solar, wind, hydro, tidal, geothermal and
biomass are some of the popular renewable energies that
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power cities worldwide. In India, it has been estimated that
renewable energy sources account for 12.5% of the overall
production of power, which approximately estimates to 27.5
GW [1]. As of March 2013, the total installed capacity of
wind energy was 19 GW [1]. It has also been estimated that
the amount of wind energy that is continuously available in
Indiais approximately 10 million MW [2-5].

Wind turbines can be broadly classified as Horizontal
Axis Wind Turbines (HAWT) and Verticd Axis Wind
Turbines (VAWT) [6-11].The Savonius wind turbine is a
VAWT that utilizes drag force for its operation. The
conventional Savonius turbines consist of either two or three
blades attached to a central shaft. The cross-sectional view of
a single blade would look like the letter “C”. Typically the
blades form two or three vertical half cylindersthat rotate due
to the difference in the forces applied on each blade. The
concave blade catches the wind and causes it to rotate about
its vertical axis, whereas the convex blade deflects the wind
that hits upon it and therefore experiences less drag as
denoted in Figure 1. Due to the differential drag on the
blades, the turbine starts to rotate. A number of studies have
been conducted in order to determine the performance of the
Savonius wind turbine based on the number of blades,
number of stages, overlap ratio and aspect ratio. It has been
concluded with experimenta proof that the two-bladed
Savonius wind turbine has the highest efficiency[12-20].
While increasing the number of stages from one to two, the
coefficient of power increases, whereas on further increasing
the number of stages from two to three thereis a decrease in
the coefficient of power. Thisisbecause of theincreasein the
inertia of the blades in the three-stage Savonius turbine [5].
Experiments conducted by N. H. Mahmoud et al shows that
turbine rotors without an overlap ratio perform better than the
rotors with an overlap.The aspect ratio of the turbine bladeis
an important factor that influences its aerodynamic
performance. Experimental results have concluded that with
the increase in the aspect ratio, the power coefficient
increases[6].
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Fig. 1. Schematic sketch of the working of savonius
turbine
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Il. EXPERIMENTAL WORK

A. Fabrication of the Wind Turbine

In order to ensure that the whole setup is lightweight,
aluminium is used in the fabrication of the blades and the
outer frame. The blades of the turbine are fabricated using an
aluminium sheet of thickness 0.8mm. For the C-shaped
two-bladed turbine (Figure 2a), the aluminium sheet is cut
into two identical rectangles of 18 cm X 14 cm dimension
and bent to a diameter of 9 cm with a length of 18 cm. The
four-bladed triangular turbines (Figure 2b) are fabricated by
cutting each of the rectangular sheets of dimensions 18 cm X
14 cminto two right angle triangles and then bending them to
adiameter of 9 cm. For the V-shaped two-bladed turbine, the
aluminium sheet is cut into two identical squares with sides
measuring 18cm are then bent to form a V shape with an
interior angle of 60°, 90° and 120° (Figures ¢, d & €). The
blades of the turbine are attached to a mild steel shaft of
diameter 10 mm. This set up is then mounted on an
aluminium frame with bearings on either side to aid in the
smooth rotary motion.

N\
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Fig. 2. Blade Designs (a) C-shaped bldé, (b)
Triangular blade, (c) V-shaped 60°blade, (d) V-shaped
90°blade, (e) V-shaped 120°blade

B. Flow Simulation of the Turbine Blades

A two-dimensional computational flow simulation of the
turbine blades has been performed in order to understand the
behavior of air around the different cross-sections of the
blades. This smulation was performed using Ansys R 15.0
software. Using the geometry module, the two-dimensional
blade designs were created enclosed in a control volume. The
geometries were the meshed finely using triangular and quad
elements. A very fine mesh was created around the blade
geometries in order to obtain accurate results. Since the
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designs haveto betested at low velocities, the pressure-based
solver was used. The analysis was performed using the
standard k- viscous model. The inlets of the control volumes
were set as veocity-inlets and the outlets were
pressure-outlets with zero gauge pressure. The blades were
analyzed at velocities at which they exhibited their peak
performance.

C. Veocity Contour

It can be observed from the velocity contours of the
C-shaped blade that on the inner side of the blade due to
stagnation of the air flow, the velocity is drastically retarded
when analyzed at an velocity of 7 m/s (Figure 3a). On the
contrary the flow at the tip of the blades is accelerated to a
maximum of 15.3 m/s. The V-shaped blade design with an
interior angle of 60 Was analysed at avelocity of 12.6 m/s. As
perceived earlier, the stagnation of the air flow on the inner
side of the blade has resulted in the drop in velocity (Figure

3b).
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Fig. 3. Velocity Contours (a) C-shaped blade, (b)
V-shaped 60°blade, (c) V-shaped 90°blade, (d) V-shaped
120°blade.

The wake region extends for a longer distance behind the
blade. The tip speed of the blade goes up to 16.5m/s.The
V-shaped blade design with an interior angle of 90was
analyzed at a velocity of 8.8 m/s. It can be clearly observed
that a von-Karman vortex is created at the rear side of the
blade (Figure 3c). These swirling vortices are created as a
result of flow separation caused as the air flows around a
bluff body [21-23]. The highest tip speed attained by the
bladeis 13.7 m/s.
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The V-shaped blade design with an interior angle of
120‘was analyzed at avelocity of 10 m/s. Irregular vorticesis
formed behind the blade (Figure 3d). The irregularities may
be due to the flow separation at the blade tips. With the
increase in the interior blade angle, the amount of air
accumulated on the front side of the blade decreases.
Therefore sufficient amount of difference in the forcesis not
achieved resulting in the lower blade performance. The tip
speed of thisdesign is 15.5 m/s.

D. Pressure Contour

The pressure contours of the C-shaped blade design
indicate a high pressure zone with a maximum pressure of
39.6 Paon the inner side of the blade and low pressure zone
with the least pressure of -34.1 Paon therear side of the blade
(Figure 4a). Behind the blade tips, a wake region with very
low pressureis formed due to acceleration of the air flow.
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Fig. 4. Pressure contours (a) C-shaped blade, (b)
V-shaped 60°blade, (c) V-shaped 90°blade, (d) V-shaped
120°blade.

I11. WIND TUNNEL TEST

All the blade designs have been tested in a low subsonic
wind tunnel to determine its cut-in speed and performance at
variouswind velocities. The models were fitted firmly inside
the test section with the help of the aluminium frame. It was
ensured that the turbine shaft is free to rotate without any
kind of obstruction. The two main characteristics of the wind
turbine that were measured were itsrotationa speed (interms
of rpm) and torque (N cm) produced at various wind
velocities. The rpm of the turbine was measured using the
non-contact laser tachometer and the torque using the TQ
8800 torque meter. Table 1 represents the cut-in speed and
rpm at that speed for the different blade designs.
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Table-1: Cut-in speed and cut-in rpm of the blade

designs
) Cut-in Speed )
Blade Design Cut-in RPM
(m/s)

C-shaped 3.7 1434

Triangular 54 79
60°V-shaped 46 83.2
90°V-shaped 46 100.7
120°V-shaped 54 94.8

768

V. RESULT AND DISCUSSION

With the help of the wind tunnel experiments, the capacity
and the efficiency of the different blade designs can be
determined. The C-shaped two-bladed turbine was found to
have the lowest cut-in speed of 3.7 m/s. Figure 3 represents
the amount of power produced by the various blade designs at
varying wind speeds. It can be inferred from the graph that
the C-shaped two-bladed turbine and V-shaped blade with an
interior angle of 60 produce almost equal amounts of power.
At wind speeds between 10 m/s and 14 m/s, the 60°V -shaped
blade has been noticed to produce a dightly higher amount of
power.

The ability of a wind turbine to extract kinetic energy
from the wind is represented through coefficient of power
(Cp) which can also be termed as efficiency. From the plot
between wind speed and coefficient of power for different
blade designs (Figure 4), it can be understood that the
C-shaped two-bladed turbine has the highest efficiency at
wind speeds up to 10 m/s and above 14 m/s whereas the
60V -shaped turbine performs better in the wind speed range
of 10m/s to 14m/s. The coefficient of power of the
60°V-shaped turbine reaches a peak of 0.09 at 12.6m/s
beyond which it fluctuates due to the turbulence that forms at
high wind speeds which

The 120V -shaped turbine displays the |east performance
in comparison to al the other blade designs. The maximum
coefficient of power of this blade design is 0.0107 at 2.9m/s.
This might be due to the fact that with the increase in the
interior angle, the overall surface area of the blade increases
which results in the reduction of the advancing blade’s
capability to capture the drag force. Meanwhile, the amount
of drag experienced by the returning blade increases resulting
in the low rotational speed and hence an overall decrease in
power extraction.
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Fig. 5. Plot between Wind Speed and Coefficient of Power
for different blade designs
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Fig. 6. Plot between Wind Speed and Power for
different blade designs

V. CONCLUSION
From our work the following results are drawn,

e The V-shaped blade with an interior angle of 60° has the
highest coefficient of power of 0.09 at 12.6 m/s.

e The C-shaped two-bladed turbine has the lowest cut-in
speed of 3.7 m/s.
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e With the increase in the interior angle of the V-shaped
blades, the performance of the turbine decreases.

o Among the five blade designs, the V -shaped blade with an
interior angle of 120°hasthe lowest coefficient of power of
0.0107.

¢ When compared to the conventional blade design, the
V-shaped blade with an interior angle of 60° has the
capacity to produce more power at wind speeds ranging
from 10m/sto 14m/s.
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