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Abstract: Wind power is one of the green energies that could be used for meeting these energy 

demands. This is attributed to the fact that such a source of power is free and widely available. 
Savonius wind rotor can work at low wind speeds which fits well the rural areas. Despite its cheap, 
robust, and simple design, the Savonius rotor has some negatives such as relatively low efficiency 
and high fluctuations of static torque. Given this, the main goal of this research is to improve the 
output power of the Savonius wind rotor by varying the blade thickness using numerical simulation.  
Investigation methods based on the rotational speed of the rotor tip, wind field characterizations, 
torque, and power coefficients are conducted. The K-Ɛ/realizable model was utilized for simulating 
the rotor at 9 m/s wind speed via Ansys Fluent software. Results demonstrate that the newly-
developed rotor with varying blade thickness has a less wind wake on the internal surface of the 
returning blade. Moreover, the suction vortices have a higher velocity for the new configuration 
causing a reduction in pressure on the outer side of the returning rotor which indicates less negative 
torque. Compared with the traditional Savonius blades, the new model shows a 40% performance 
enhancement in the maximum power coefficient. The maximum power coefficient is found to be 
0.20. This configuration can be useful for small-scale electricity generation in urban areas.  
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1.  Introduction 
The formation of conventional energy resources such as 

natural gas, oil, and coal requires many years. These types 
of fuel cannot be formed as fast as they are being 
consumed1). Moreover, in the coming few years, 
harvesting such fuel will turn out to be environmentally 
damaging and costly. Consequently, moving from 
conventional energy generation toward green and 
renewable energy generation approaches is an essential 
challenge for researchers2). Renewable energy including 
wind, solar, and hydraulic energies contributed about 
27.3% to the global overall electricity generation at the 
end of 2019 and it is estimated to be around 40%% by the 
end of 20303). The global continuous growth of the 
renewable energy sector is producing a green energy 
revolution that can be more reliable in the current decade. 
Hence, there are worthy opportunities for the countries 
and the energy industries that will invest in improving, 
trading, and manufacturing green technologies for 
producing energy3). 

Among green energy sources, wind energy is 
considered a dominant clean and renewable energy source 
of its sustainability, availability, and cost-effectiveness4,5). 
Wind energy covers about 4% of world electricity and it 

is the globe’s fastest-growing source of renewable 
energy6). The gross capacity of the global wind energy 
generation was about 651 Gw at the end of 2019 with an 
annual increase of about 10% compared to the previous 
year 2018. This capacity was able to cover around 6% of 
the worldwide electricity demand7). Wind turbines family 
could be classified into two main sections based on the 
orientation of the shaft, i.e. the horizontal axis wind 
turbine (HAWT) where the rotational axis is in the same 
direction of the flow, and the vertical axis wind turbine 
(VAWT) in which the wind direction is perpendicular to 
the axis of rotation8,9). HAWT is the most efficient kind of 
wind turbine due to its great aerodynamics10,11). However, 
this type of turbine is not applicable for capturing wind 
energy in regions with less turbulent winds such as urban 
areas12). On the other hand, VAWT has some features over 
the HAWT such as cost-effectiveness, the ability to 
produce power regardless of wind direction, and the low 
levels of noise, these features promote the VAWT as the 
best choice for the cities and isolated regions13). 

VAWT category can be classified into two main sub-
classes depending on the working force i.e. lift-force 
rotors (Darrieus wind rotor) and drag-force rotors 
(Savonius wind rotor)14,15). Savonius rotor is the simplest 
design among the VAWT family, it mainly consists of two 
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blades with a semi-curricular profile shape that is attached 
to a vertical central shaft. The rotational movement of the 
Savonius rotor is generated by the difference in pressure 
between the advancing blade (blade with a cupped side 
that spins in the same direction of the wind flow) and the 
returning blade (blade with a rounded side that moves 
against the wind flow). As the point where the resultant of 
these two pressure (positive pressure from the advancing 
blade and opposite pressure from the returning blade) is 
not located sideways with the rotational axis, mechanical 
torque is produced to start the spinning of the rotor16).  

Research relevance to the Savonius wind rotor has been 
growing rapidly in the last decade considering its simple 
design, low construction cost, independence of wind 
direction, self-starting ability, ease of maintenance, and 
noiselessness17-20). However, this style of turbine has some 
drawbacks such as low power coefficient and large 
fluctuations of torque as a result of negative instantaneous 
torque at certain azimuth angles. 

Based on these drawbacks, numerous studies aimed to 
improve the efficiency of this rotor by changing the main 
design parameters. The impact of using multi-stages on 
the efficiency of the Savonius wind machine was 
evaluated by Kamoji et al.21). The authors investigated the 
performance of single, double, and triple stages turbines. 
It was concluded that the single-stage turbine offers a 
higher power coefficient (Cp) compared to the double and 
triple-stage turbines. Nevertheless, the torque fluctuations 
are reduced by rising stages number. Hayashi et al.22) 
performed an experimental study on the conventional 
Savonius rotor with one stage and modified Savonius 
turbine with three stages. The outcomes of the research 
showed that the variation in the dynamic and static torque 
coefficients over a full rotation (360°) of the modified 
rotor with three stages is positive at all the azimuth angles 
compared to the conventional rotor with a single stage. 
Based on the aspect ratio of the rotor (the ratio between 
the height and the diameter of the rotor) several studies 
had been conducted to raise the efficiency of the rotor. 
Mahmoud et al.23) performed an experimental 
investigation using different ratios of aspect ratio (from 
0.5 to 5). Their outcomes illustrated that the power 
coefficient was improved by raising the value of the aspect 
ratio.  Modi et al.24) concluded that the 0.77 aspect ratio 
gives the highest efficiency for the Savonius turbine. On 
the other hand, researchers studied the effect of adding 
some simple accessories called end plates at both ends of 
the rotor25). They concluded that the endplates were able 
to raise the performance of the rotor by preventing the 
leakage of the air from inward curves to the exterior flow 
managing the pressure difference at a favorable level over 
the rotor height. Numerous researches have been carried 
out aiming to rise the aerodynamic efficiency of the 
turbine with the use of power augmentations devices such 
as wind deflectors, guide vanes, and curtains26). The 
studies were further extended in terms of changing the 
overlap ratio (ratio of the gap between the blades and the 

turbine diameter). Akwa et al27) performed a numerical 
simulation on the effect of overlap ratio by considering 
different values between 0 and 0.6. The results concluded 
that the rotor with 0.15 has the best performance among 
the tested rotors. Additionally, numerical studies are 
carried out aiming to study the effect of the supplementary 
internal blades on the performance of the conventional 
Savonius wind rotor28,29). The results illustrated that the 
power coefficient can reach 0.1885 when the inner blade 
is positioned at the middle position with an angle of 120° 
and can reach an enhancement of 32.9% when the distance 
between the supplementary inner blades is changed to 
0.005 m. 

Innovations in blade profile optimization have been 
carried out in abundant studies. Bach-type profile was 
investigated resulting in a higher power coefficient (9% 
more than the conventional semi-circular profile) at an 
overlap ratio in the range of 0 to 0.330). Rahai and Hefazi31) 
examined the effect of the Benesh-type profile on the 
performance of the Savonius rotor and concluded that 
using such an arrangement results in a higher power 
coefficient up to 0.31. Banerjee et al.32) examined the 
performance of the Savonius wind turbine using an 
elliptical profile and found an improvement in the 
generated power by about 11% compared to the 
conventional semi-circular profile. A new blade profile 
has been developed by Roy and Saha33), and Roy et al.,34) 
called the modified Bach profile. This rotor was able to 
perform better than the conventional rotor with a 
maximum power coefficient of (Cpmax = 0.39). Saha et 
al.35) found the maximum power coefficient of a twisted 
bladed turbine to be at a twist angle of 15°. Zhang et al.36) 
conducted a numerical investigation on the arc-blade of 
the Savonius wind rotor using an optimization equation. 
Results revealed that the power coefficient was 10.98% 
more than the basic Savonius rotor. Consequently, over 
the past decades, different blade profiles and designs have 
been developed aiming to increase the efficiency of the 
turbine. Nonetheless, the geometrical parameters have 
been varied in these investigations. However, no research 
focuses on the variable thickness of the blade (the 
thickness of the blade increases from the blade tip to the 
centerline of the blade). Based on that, the current study 
aims to analyze numerically the performance of a 
modified profile of the traditional Savonius turbine by 
using a blade with variable thickness. 

 
2.  Physical geometry 

In the present investigation, a modified Savonius rotor 
utilizing a variable blade thickness is proposed instead of 
the conventional rotor with fixed blade thickness, and its 
performance is investigated using a numerical simulation 
approach. The proposed rotor is shown in figure 1. 

The base of the blade is drawn with a diameter of 0.188 
m. Then three lines are constructed on the tip of the blade 
(L1), the root of the blade (L2), and the center of the blade 
(L3) with values of 0.02 m, 0.02 m, and 0.07 m, 
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the entrance of the domain. A TSR with numerous values 
ranging from 0.2 to 0.7 were selected in order to define 
the rotation of the circular sub-domain utilizing the sliding 
mesh.  

 

 
Fig. 3: Layout of the computational domain 

 
3.3  Meshing 

The grid generation was carried out utilizing the built-
in mechanical mesh in the Ansys software. A quadrilateral 
grid with unstructured mesh was created around the 
squared sub-domain. Whereas the circular rotating sub-
domain has a finer mesh than that used for the stationary 
sub-domain in order to give a more accurate solution of 
the flow around the turbine blades. Inflations with 25 
layers and a growth ratio of 1.10 were generated on the 
outer surface of the rotors to be able to consider the 
boundary layer effect around the blades’ walls. 
Refinement with a grade of 3 was generated on the 
interface between the stationary and the rotating domains 
aiming to improve the adaption of the blade geometry. 
Figures 4, 5, and 6 show the final generated mesh of all 
the domains and the inflations on the outer surface of the 
rotors. 

 

 
Fig. 4: Stationary sub-domain meshing 

 

 
Fig. 5: Circular sub-domain meshing 

 

 
Fig. 6: Inflations around the rotor 

 
3.4  Settings of the fluent solver 

Airflow near the Savonius wind turbine was 
numerically simulated utilizing an unsteady as the 
interaction between the air and the surface of the rotors is 
transient. The Navier-Stokes equation was solved utilizing 
the realizable k- ε turbulence model where this model has 
been commonly utilized in the Savonius turbine studies. 
Additionally, this model is suitable for estimating the wall 
function coefficient in an accurate form more than the 
other models. 

A transient setting was chosen in the main setting of the 
fluent solver. The SIMPLE algorithm was utilized for the 
coupling between the pressure and the velocity. The 
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TSR = 0.7. Additionally, it can be observed from the figure 
that the results of the current modification are better than 
the proposed rotor by Mosbahi et al.38) in terms of Cp. 

 

 
Fig. 8: Cp for the newly developed configuration vs the 

conventional rotor and rotor by Mosbahi et al.38) 
 
A comparison between the averaged values of the 

torque coefficient (Ct) for the proposed and conventional 
rotors is shown in Figure 9. It can be noticed from the 
curves that the averaged Ct of the proposed rotor is higher 
at all the TSR points. Moreover, The Ct values of both 
profiles decrease with TSR increase. This phenomenon is 
attributed to the fact that the rotation speed of the turbine 
minimize with load application and hence, the Ct 
decreases with the increase of TSR. The maximum value 
of Ct is about 0.534 at tip speed ratio (TSR = 0.2) for the 
proposed geometry whereas the conventional rotor has a 
value of 0.463 at the same TSR. 

 

 
Fig. 9: Ct for the newly developed configuration vs the 

conventional rotor 
 

Figures 10 and 11 illustrate the instantaneous variations 
of Ct of the proposed and the conventional rotors in a full 
rotation period (0° - 360°) and at tip speed ratios of TSR 

= 0.3 and TSR = 0.7, respectively. Ct curves illustrate that 
the instantaneous torque consists of two cycles in one full 
spin. Additionally, the instantaneous Ct is improved, 
especially at the rotational angle between (140° – 240°) at 
TSR = 0.3, and between (0° – 120°) at TSR = 0.7. The 
maximum value of Ct for the new configuration is 
generated at an angle of rotation equal to 85° with a value 
of 0.734 at TSR = 0.3, whereas the maximum Ct for the 
same configuration is generated at an angle of 90° at TSR 
= 0.7 with a value of 0.683. Additionally, it can be 
observed from Figure 11 that the new configuration was 
able to eliminate the effect of the negative torque at the 
high values of TSR, especially in the regions between (0° 
– 45°) and (210° – 220°) which explains the gain in the 
performance of the rotor. 

 
Fig. 10: Instantaneous Ct for the conventional rotor vs the 

newly developed configuration at TSR = 0.3 
 

 
Fig. 11: Instantaneous Ct for the conventional rotor vs the 

newly developed configuration at TSR = 0.7 
 
4.4  Pressure contours 

The distribution of the air pressure around both (the 
conventional Savonius rotor and the new configuration) is 
illustrated to study the flow characteristic around the 
blades, as illustrated in Figure 12. In order to provide a 
better illustration, the pressure contours at three different 
rotation angles (30°, 90°, and 240°) are chosen at TSR = 
0.7 for both rotors. At the rotor azimuth angle of 30°, a 
lower pressure area can be observed behind the edge of 
the advancing blade which indicates a lower resistance 
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between the blade and the airflow. Moreover, it can be 
noticed that the cupped side of the advancing rotor has a 
higher pressure in the case of the new configuration 
compared to the basic conventional rotor. These two 
factors lead to a higher positive torque to spin the blades. 
At the rotor azimuth angle of 90°, a great low pressure 
appears outside of the advancing blade (at the rounded 
side of the blade) which contributes to decreasing the 
negative torque of the blade. At an azimuth angle of 240°, 
higher pressure can be observed at both the cupped side of 
the returning and advancing blades which also increases 
the net positive pressure. As a general observation, it can 
be seen that there are high fluctuations in the generated 
pressure around the blades leading to high levels of 
turbulence for the basic style of Savonius turbine as 
compared to the newly developed profile showing an 
improvement in terms of torque of the later. 
 

 
Fig. 12: Contours of pressure distribution for (a) new 

configuration, (b) conventional rotor 
 
4.5  Velocity contours 

The velocity contour of both rotors is shown in Figure 
13. The velocity around the surface of the newly 
developed rotor was noticed to be between 3 and 7 m/s, 
whereas the velocity for the conventional rotor ranges 
between 2 – 4 m/s. Wake formations on the inner surface 
of the returning blade of the conventional rotor are found 
to be greater than the new rotor. Moreover, the outer 
surface of the returning side of the new rotor has a smaller 
velocity region which indicates less negative torque as 
compared to the conventional rotor. This shows a higher 
power coefficient of the new model. Additionally, the 
enhanced overlapping flow is noticed in the new model 
compared to the conventional rotor. Hence, the efficiency 
of the new model is greater than the conventional basic 
model. 

 

4.6  Streamlines 
The velocity streamlines contours are shown in Figure 

14. It can be seen from the contours that the new model 
has higher speed suction vortices which decrease the total 
pressure around the outer side of the returning rotor. 
Additionally, the reverse flow is higher in the case of the 
new configuration, causing a pressure reduction on the 
inner surface of the advancing blade. This enhancement is 
attributed to the new curvatures of the blades resulting 
from varying the blade thickness which eases the passing 
of the upstream flow between the tip and the root of the 
blades. 
 

 
Fig. 13: Contours of the air velocity for (a) new 

configuration, (b) conventional rotor 
 

 
Fig. 14: Velocity streamlines contours for (a) conventional 

rotor, (b) new configuration 
 
5. Conclusions 

The current study evaluated the Savonius rotor 
performance enhancement at 9 m/s wind speed utilizing a 
blade with a variable thickness compared to the traditional 
Savonius turbine at different values of TSR using a 
numerical simulation. The new model has lower wake 
formations on the inner surface of the returning blade 
compared to the conventional model. Moreover, the outer 
surface of the returning blade has a smaller velocity region 

- 651 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 09, Issue 03, pp645-653, September 2022 

 
which indicates less negative torque as compared to the 
traditional Savonius blades. Moreover, the new 
configuration has a higher reverse flow, resulting in 
minimizing the pressure generated on the inner surface of 
the advancing blade. This shows an enhancement in the 
power coefficient of the new profile. This enhancement is 
due to the new curvatures of the blades resulting from 
varying the blade thickness which eases the passing of the 
upstream flow between the tip and the root of the blades. 
A maximum improvement of 40% can be noticed at the 
highest value of TSR = 0.7. This configuration can be 
useful for small-scale electricity generation in urban areas. 
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