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Abstract: In the present study, a new model of Savonius wind turbine has been designed to increase the low performance of
the Savonius wind rotor, a type of vertical-axis wind rotor, and the effect of wind speed on the static rotor performance has
been analyzed numerically using solid-work flow simulation (SWFS). SWFS is based on the Reynolds Averaged Navier-
Stokes (RANS) equations with the standard k-e¢ turbulence model. These equations were solved by a finite volume
discretization method. Further, the effects of rotor geometries and end plate on static torque are also discussed. In order to
clarify the new designed of the rotor, static torque was measured with various blade sizes and end plate shape. From the study,
found that the use of both upper and lower end plats significantly increase the torque by 40% compared with no end plates.
Additionally, it was also observed that the torque of rotors increases proportionally to blade size and end plate shapes.

Moreover, the results showed that model 2 has produced more torque compared to other models.
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1. Introduction

The Savonius rotor is a novel fluid mechanical device that
has been studied by numerous investigators since the 1920s.
Applications for the Savonius rotor have included pumping
water, driving an electrical generator, providing ventilation
(attic and vehicular applications), and providing water
agitation to keep stock ponds ice free during the winter. [1-4].

Savonius turbine, a vertical axis wind turbine though with
high starting torque and reasonable peak power output [5].
The characteristic performance of two and three bucket
Savonius rotor has been carried out in wind tunnel tests, field
experiments and numerical studies to evaluate the effect of
aspect ratio, blades overlap and gap, effect of adding end
extensions, end plates and shielding. [6-9]

Bhaskar and Gaurav [10] made numerical analysis using
(computational fluid dynamic (CFD) software
ANSYSFLUENT) on a two-Bladed Savonius Rotor, a study
on drag and torque coefficient curves at different rotor blade
angles at each 10° interval was carried out. These curves
show that the drag and torque coefficients reached its
maximum at 0° and 30° rotor blade angles respectively.

Konrad et al. [6] investigated numerically, the running
performance of Bach-type and Elliptical designs Savonius
wind turbine rotor, using ANSYS CFX' (commercial, finite
volume, CFD code (ANSYS/CFX) is used for 3D component
of the model). The running performance of the Savonius
rotor, such as the torque coefficient, is obtained for various
tip speed ratios. It was discovered that the Bach-type has a
maximum torque and power coefficient whilst the Elliptical
Savonius turbine has better performance in terms of power
characteristics.

Keum el at. [7] experimentally studied the effect of end
plates with various shapes and size on the aerodynamic
performance of helical Savonius wind turbine with twist
angle and two semi-circular buckets. The results showed the
power coefficient increased linearly in proportion to the area
of the end plate.

Zied et al. [8] studied numerically and experimentally the
bucket design effect on the turbulent flow around

1
Reference [11] describes the meaning of ANSYS CFX.
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unconventional Savonius wind rotors. The software
“Solidworks Flow simulation” used to characterize the flow
characteristics in different transverse and longitudinal planes.
The distribution of the turbulent kinetic energy, distribution
of the dynamic pressure, distribution of the total pressure,
distribution of the turbulent viscosity, the distribution of the
vortices and velocity profiles is measured experimentally and
numerically respectively. The good agreement between
numerical and experimental results confirms the validity of
the numerical method.

Sobhi et al. [9] studies numerically and experimentally the
effect of multi-stage on the performance of a Savonius rotor.
The software “SolidWorks Flow Simulation” has been used
to present the local characteristics in different transverse and
longitudinal planes. The experimental and numerical results
are compared in terms of velocity profile, dynamic torque
coefficient and power coefficient.

This study aims to numerically investigate double semi-
cylindrical blade and end plate effects using various shapes
and sizes of blades and end plates on the aerodynamic
performance of the Savonius wind turbine. This is the first
study to conduct such an investigation.

2. Principles of Savonius Rotor Wind

Turbine

A Savonius rotor is a drag-type turbine [12, 13]. In the
simplest form, a Savonius rotor consists of two half-cylinder
sections fixed to a half in the form that their cross section
makes a letter “S”” as shown in Figure 1. In operation, one
blade captures the wind while the other moves against the
wind, thus opposing the wind. The net torque to rotate the
turbine is the torque from the blade capturing the wind
energy minus the resistive torque that the other blade receives
against moving. This is the case for all the drag type turbines.
One can add more half cylinders on the shaft in order to
increase the capacity of wind capture. It will also increase the
length of the cylindrical sections, provided all the sections
are aligned. Alternatively a second set can be installed at 90°
from the first half cylinders. This adds to uniformity of
rotational torque on the half of the shaft since with only two
half cylinders, the absorbed power pulsates making it
uniform as the rotor turns.

A Savonius rotor has about half of the power capture
capability of the other (lift-based) turbines; its power
coefficient at optimum performance is about half of the
magnitude that can be achieved by a propeller turbine. In
order to increase the power capture capability of a Savonius
turbine, certain modifications to the basic design have been
proposed. Firstly, is to create a gap in the structure where the
two halves cylinders are joined. This allows the air to pass
through this gap from the segment capturing wind to the
segment opposing wind, as depicted in Figure 1. The
advantage of the twofold: wind is not trapped in the capturing
blade and has a more steady flow, and the opposing blade has

an extra force to help it push the air. [13]

Model 1

(a) ®)

Figure 1. (a) Construction of Savonius rotor, (b) Alternative designs for
Savonius rotor.

3. Present Study

The two models of Savonius turbine used in this study are
shown in Figure 2. The configuration of model 1 and model 2
of Savonius wind turbine with four semi-cylindrical and the
main shaft without or with overlap, i.e. without or with a
separation gap, respectively are shown in Figure 2.
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Figure 2. Models of Savonius turbine.

Table 1 lists the details of blade diameter, blade height, and
shaft diameter and blade thickness. The blades were made
from ABS (Acrylonitrile Butadiene Styrene) because the
simulation results will compare with experimental results in
the future. The Experiment will be done by using subsonic
wind tunnel (30 cm x 30 cm). Therefore, the dimensions of
the Double semi-cylindrical Savonius wind turbine are
chosen according to subsonic wind tunnel (30 cm x 30 cm).
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Table 1. Geometric parameters of new geometry of Savonius wind turbine.

Designation of Savonius rotors

Blade diameter [mm]  Blade height [mm] Shaft diameter [mm] Blade thickness [mm] Gap [mm]

Model 1

WOGH#1 20 100 12 0.008 -
WOGH#2 30 150 12 0.008 -
WOGH#3 40 200 12 0.008 -
Model 2

WGH#1 20 100 12 0.008 16
WGH2 30 150 12 0.008 16
WGH#3 40 200 12 0.008 16
WOG Without Gap WG With Gap

The Models of Savonius wind turbines were designed as shown in Figure 3. The end plates were fabricated from ABS plate
of 0.008mm thickness. To study efficiency, according to endplate shape, the diameter of the end plate was the same as the
diameter of wind turbine blade.
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Figure 4. Rotor position 6 = 90°.

Figure 3. Views of models of Savonius wind turbines with various sizes of end plates.

Model 2 . .
4. Results and Discussions

The models of turbine are tested for various wind speed, V,
4, 6 and 8 m/s to determine the static torque. A static torque
value for each model has been measured at the same position
of rotor angle 6 (6 = 90°) in the numerical study as shown in
Figure 4.

Figures 5, 6 and 7 show the variation of torque with wind
speed of model 1 and 2 of Savonius wind turbine (without
gaps, WOG, and with a gap, WG). It shows that for a
constant blade height, different blade diameter, and plate size
the torque is proportional to wind speed and blade sizes.
However, increasing the wind speed and size of the blade
lead to an increase the torque wind turbine.

Additionally, it can be observed from these figures, the
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increase of end plate size is significantly increasing the is increasing the torque and drag force by 40% compared
torque by 20% approximately compared with no end plate.  with no end plate.

And,
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Figure 5. Torque versus wind speed for different models at constant blade height, H = 100mm.
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Figure 6. Torque versus wind speed for different models at constant blade height, H = 150mm.
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Figure 7. Torque versus wind speed for different models at constant blade height, H = 200mm.

5. Conclusions

In conclusion of this study, the effect of blade size and the
end plate size of new models of Savonius wind turbine was
studied numerically by using Flow Simulation Solid-Work.
Additionally, the objective of this study was to increase the
performance of the Savonisu wind turbine. The Static torque
of the new models of Savonius wind turbine was tested at
various wind speeds, blade sizes and end plate shapes. From
this study, the following conclusions are summarized:

a. The study showed that the torque increase with the

increasing of blade size, end plate size and wind speed.

b. Size of blades and end plate shapes influenced the
torque of the rotor of Savonius models. The blade of
diameter 40 mm and height 200 mm produced more
torque than other blade size.

c. Size of end plate directly affects the torque of the rotor
of the turbine. The upper and lower circular end plate
produce more torque compared to other end plate size.
This may be due to the drag force affected on the rotor
in the upper and lower circular end plate case is higher
than those for other cases.

d. It can be observed from the results, the increase of end
plate size is significantly increasing the torque and drag
force by 20% compared with no end plate. And, the use
of both upper and lower circular end plate size is
increasing the torque and drag force by 40% compared
with no end plate.

6. Future Works

In the future, the effect of the flow field around the new

models of Savonius turbine will study numerically and
experimentally using a subsonic wind tunnel. In addition, the
torque and mechanical power of the new models of Savonius
turbine will be examined numerically and experimentally and
compare with a traditional Savonius turbine to obtain the
increase performance of the new model.
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