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Abstract: To produce power, wind is the most cost-effective renewable resource currently 
available. The VAWT was the absolute first wind turbine used to make power, but scholastics these 
days have lost interest in VAWT because of its restrictions. (M M A Bhuta 2012). Because its 
efficiency is not impacted by the orientation of the wind, VAWT is a good option for off-grid or 
low-density power production (W Tian et.al 2018). In the 1920s, the highest efficiency of a 
Savonius type wind turbine was calculated to be 31%. Since then, experts have experimented with 
a number of strategies for enhancing the Savonius rotor's efficient output, making it a more 
desirable source of power production (S Roy et.al 2015). Manufacturers can lower the price of 
power generated by wind energy by improving the efficiency of turbine design (W El-Askary 2015). 
The purpose of this literature study is to gain insight into the efforts of previous researchers so 
that the Savonius rotor may function more effectively in any future endeavours. 
Keywords: Savonius rotor, VAWT, HAWT, Fins, Dimples, Curtains. 

I. Introduction 

A wind turbine's efficiency is determined in large part by its lift-to-drag ratio and efficiency, thus 
researchers have conducted a plethora of studies in recent years to optimise the design in this 
regard (Hamed et.al 2020). Several sources detail methods for enhancing the efficiency of 
Savonius turbines, including curtaining the rotor, placing an impediment in the path of the 
returning blade, altering the can cover proportion, changing the cutting edge shape, and changing 
the quantity of edges (Emeel K et.al 2019) 
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Savonius rotors, developed by S.J. Savonius during the 1920s, are a sort of vertical hub wind 
turbine. The wind's drag and lift force on the buckets (blades) is the fundamental driving factor 
behind the turbine's rotation (Vicente et.al 2012). Savonius vertical axis wind turbines provide a 
variety of benefits but are seldom employed because of their poor aerodynamic performance (Altan 
et.al 2008). Savonius rotors were utilised to provide hydroelectricity by Nakajima et al. (2008). 
Scientists knew the Savonius rotor had its limits, so they improved upon it by adding an extra stage 
and introducing a phase difference between the buckets. In order to increase the power coefficient 
by 10%, a phase difference of 90 degrees was used. 
 
There are several engineering applications for dimples, which are used to decrease drag. Air-filled 
dimples have been researched by Zhang et al. (2017) and Livya et al. (2015) for their potential to 
improve the aerodynamic efficiency of marine boats and aeroplane wings, respectively. The stall 
angle and lift-to-drag ratio are both improved by the presence of dimples (Raja Joseph et.al 2018). 
After doing the numbers, we see that dimples can possibly defer the stream detachment point, 
which helps effectiveness. Subsequently, dimples might end up being a successful technique for 
expanding the effectiveness of wind turbines under blustery circumstances. 
According to the aforementioned works, a few specialists have endeavored to work on the 
exhibition of Savonius vertical hub wind turbines by adding balances to the gadgets. When 
evaluating the effectiveness of a Savonius VAWT, Cp, CT, and TSR are all useful metrics. (M 
Zemamou 2017). 
This study's primary objective is to delve into the works of previous scholars. 
  

II. The Effect of Savonius Rotor Dimple and Fins on Aerodynamic Performance 

Gedyon et.al (2020) comparison of HAWTs with dimples inside vs outside the cutting edges was 
looked at. After examining a control blade and six dimpled specimens of varied sizes and 
orientations, including two with inward dimples measuring 10 centimetres and five centimetres on 
the suction side, The researchers found that the inside dimples were more efficient, and two of 
them measured the same distance from the outward dimples, one with inward dimples measuring 
10 centimetres on both the suction and pressure sides, and one with outward dimples measuring 
10 centimetres on both sides (01 specimen). three various wind speeds' aerodynamic effects (3 
m/s, 10 m/s, and 22 m/s) and blade angles of attack were examined. Streamlined execution was 
greatly improved for the standard sharp edge and HAWT edges with internal dimples (all 
examples), compared to the outward dimpled blades and the baseline blade. The results reveal that 
an extra drag force is exerted on the blades when they have outward dimples. 
Hamed et al (2020) investigated how creating spherical dimples on the suction side of an air foil 
HAWT affected its aerodynamic performance. On the blade, 150 dimples were produced in three 
rows, with a consistent 200mm pitch gap between them. Six alternative blade pitch angles and 
wind speeds between 14 and 16 metres per second were used to evaluate the blade's efficiency. 
The results revealed that dimples might aid in enhancing the turbine's drag-lift ratio, which in turn 
altered the power output and torque characteristics, leading to an increase of roughly 16 percent. 
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Arun k et.al (2018) ran Ansys simulations comparing the efficiency of a standard blade with and 
without dimples. The effectiveness of the baseline blade was tested in a controlled experiment with 
ambient temperatures of between 25 and 30 degrees Celsius and wind speeds of 12 metres per 
second to 20 metres per second. A look at the pressure contours revealed that the pressure built up 
at the base was greater than that at the peak. Researchers were able to pinpoint the area of greatest 
pressure by looking at it in cross section. The highest pressure causes a rotational drag at that 
location. Since this was a problem, the second model included dimples exclusively in the high-
pressure areas of the blade. The results show that putting dimples on the sharp edge expanded its 
proficiency by 14.7%. 
Tay et.al (2018) looked on how dimple form impacted drag. By altering its lower half, the circular 
indentation was transformed into a teardrop shape. The effectiveness of the teardrop dimple was 
tested by orienting the teardrop's pointed tip either upstream or downstream of the wind's direction 
of travel. With the tip pointed downstream, When the tip was pointed downstream, the drag 
coefficient was found to be decreased by 5%, whereas it was reduced by 6% when the tip was 
pointing upstream, in an experiment conducted for Reynold's numbers between 5000 and 50000. 
The study's authors found that improving the upstream and downstream wall slopes will further 
lower the drag coefficient. 
Ridwan et.al (2019) utilised solidworks' simulation tool to see at how adding fins would affect 
the drag coefficient and drag force. The team simulated a Savonius rotor with 4, U-shaped blades 
with varying numbers of fins (0, 1, and 2). Both 5 and 7 m/s winds were applied to the models. 
The model with two fins was found to have the most elevated drag coefficient and drag force in 
the recreations for both wind speeds. The optimal distribution of pressure and velocity was 
achieved by having just 2 blade fins. 
S F Pamungkas et.al (2018) investigated how adding fins to a Savonius wind turbine altered its 
performance. We tested the efficiency of five different Savonius turbine designs to find the best 
one. In this experiment, we built and wired together Savonius wind turbines with zero, one, two, 
three, and four blades. At 4.5 m/s of wind speed, the Savonius rotor turbine with a single blade 
produced 13.4W of force, greater by 22.71% than the Savonius turbine without any balances 
developed. The weakest performer was the 4-fin Savonius wind turbine, which generated just 
10.8W of power, or 1.09% less than a standard Savonius wind turbine. 

Table 1: Effects of Dimples and Fins: A Review of the Literature 
Aerodynamic 
Efficiency Gains from 
Dimples on Horizontal-
Axis Wind Turbine 
Blades 

International 
Research Journal 
of Engineering 
and Technology 

Performance is 
enhanced by dimples 
that face inside rather 
than outward. 

Gedyon et.al (2020) 

Dimples on the blades 
of horizontal axis wind 
turbines: a computer 
study to improve their 

Energy According to the 
findings, dimples may 
aid in enhancing the 
turbine's drag-lift ratio, 

Hameed et al (2020) 
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aerodynamic 
performance 

and they can also affect 
the power output and 
torque characteristics, 
leading to an increase of 
roughly 16 percent. 

Dimples' Influence on 
Wind Turbine 
Efficiency Analyzed 
using CFD 

International 
Journal of 
Applied 
Engineering 
Research 

The efficiency of the 
Savonius turbine was 
raised by 14.7 percent 
when the dimples were 
added. 

Arun K. et.al (2018) 

How the efficiency of 
Savonius wind turbines 
with a vertical axis 
varies with the number 
of blade fins 

Flow Control 
Conference, 
Atlanta, Georgia. 

The drag coefficient of 
a dimple in the form of 
a teardrop may be 
reduced by adjusting 
the angle of the dimple's 
upstream and 
downstream walls. 

Tay et.al (2018) 

Aerodynamic 
Efficiency Gains from 
Dimples on Horizontal-
Axis Wind Turbine 
Blades 

Materials 
Science and 
Engineering 

By increasing the 
number of fins on a 
blade, its pressure and 
speed distribution 
capabilities are 
enhanced. 

Ridwan et.al (2019) 

Improvement of a 'S' 
Type Savonius Wind 
Turbine's Performance 
by Alternate Blade Fin 
Addition 

Materials 
Science and 
Engineering 

A Savonius turbine's 
efficiency is improved 
by 22.71 percent with 
the addition of only one 
fin. 

S F Pamungkas et.al 
(2018) 

 
III. Impact of Number of blades 

F. Wenehenubun et.al (2015) taken a gander at the tip speed proportion, force, and power 
coefficient of 2, 3, and 4 cutting edge Savonius wind turbines and tracked down massive contrasts 
in execution. We modelled the wind turbines' pressure distribution using Ansys software. The 
findings indicate that the three-blade Savonius wind turbine works best in terms of tip speed % 
and power coefficient at a wind speed of 7 m/s (0.555). When compared to other rotor types, the 
4-bladed breeze turbine produced the most force. The reenactment results show that the curved 
cutting edges encountered a more even dissemination of strain than the raised edges. 
Mohd Hadi Ali (2013) Looked at the result of a two-and a three-sharp edge Savonius turbine in 
an air stream at low wind speeds. The cut-in wind speed was established by steadily increasing the 
speed from 0 to 6 metres per second. For a three-edge Savonius model, the plan's cut-in wind speed 
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was calculated to be 2.5m/s, whereas for a two-cutting-edge variant, it was discovered to be much 
lower. The 2-edge variant achieved 550 rpm in 6 m/s wind, surpassing the 3-edge version. 5.3 m/s 
of wind speed, the 2-cutting-edge model comfortably outperformed the 3-edge model, reaching 
static force coefficients of 0.83 and 0.21 with tip speeds of 0.8. The information uncover that the 
3-sharp edge model performs more regrettable than the 2-cutting edge model because of the 
expansion in drag coefficient and opposite force that accompanies having more cutting edges. 
N. H. Mahmoud et.al (2012) conducted research comparing Savonius rotor output amongst 
configuration variants. Using variable angle, In single and two phase designs, Savonius rotors with 
2, 3, and 4 edges were created, both with and without the end plate. (0.5, 1.0, 4.0, and 5.0) and 
cross-over (0-0.35) proportions. As per the outcomes, the best rotor configuration is a two-stage 
rotor with two sharp edges, an end plate, and no cross-over proportion. As the viewpoint changed, 
so did the power coefficient.                                   Table 2: Examining the Impact of Varying 
Blade Counts 

Experiments were done to 
determine how many 

blades in a Savonius wind 
turbine affects its 

efficiency. 

Energy 
Procedia 

While the tip speed 
ratio of the 3-blade 

type was higher, 
the 4-blade model 
generated a higher 
torque coefficient. 

F. Wenehenubun et.al 
(2015) 

 
 

Exploration of Two- and 
Three-Blade Savonius 

Wind Turbines in Light 
Wind Conditions 

International 
Journal of  
Modern 

Engineering 
Research 

The drag 
coefficient and 
rotor counter-

torque of a turbine 
grow with the 

number of blades. 

Mohd Hadi et.al (2013) 

Experimental 
investigation on 

enhancing Savonius rotor 
efficiency 

Alexandria 
Engineering 

Journal 

A two-stage rotor 
with end plates 

outperforms three- 
and four-bladed 

designs with 
bucket overlap. 

N H Mahmoud et.al 
(2012) 

 
IV. Impact of flow rate augmentation device 

K.H Wong et.al (2017) to improve VAWT's performance, we reviewed the existing literature on 
flow augmentation methods. Guided vanes, diffusers, plates, shrouds, and deflectors are some of 
the flow augmentation devices covered in the aforementioned literature. These gadgets may be 
used to concentrate wind flow from a wide region into a more manageable focal point, hence 
boosting the VAWT's beginning torque and enhancing the turbine's overall performance. Devices 
that augment torque do more than only increase the positive kind; they also help counteract the 
negative kind, which is generated by a drag type VAWT. 
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M Tratuferi et.al (2015) The Savonius rotor was changed by adding airfoil-molded edges and a 
self-situating transport diverter shade framework. The usage of an airfoil-shaped blade was 
discovered to result in a high output power, and When the blade was retracted, the new curtaining 
system reduced the resistance it encountered. Researchers observed that increasing the output 
power in this way resulted in a more complicated rotor shape. 
M H Mohamed et.al (2011) By partly blocking the path of the returning blade, we were able to 
improve its shape and see how it performed in comparison to a typical Savonius rotor in our 
computer simulation. The researchers used the commercial simulator Ansys- Fluent to conduct 
their test. Blade shape (skeleton line) optimization was accomplished using an evolutionary 
method, and the geometry was tested with CFD simulation. At λ =0.7, The optimal blade shape, 
where the returning edge is to some degree clouded by a hindrance, was displayed to help power 
coefficient by 38.9 percent, as measured by the researchers. Regardless of the direction the wind 
was blowing from, the optimised blade was able to get going on its own. According to their 
findings, Savonius turbines may have their performance improved by 30% over the whole range 
of λ with such an adjustment. 
Burcin et.al (2008) conducted research on how the curtain arrangement may enhance the Savonius 
rotor's efficiency. To accomplish this impact, plates (draperies C1, C2, C3) of various lengths were 
made and set before the rotor at various drapery points (α, β) without altering the rotor's 
development. As per the outcomes, the ideal power coefficient was accomplished with shade C1 
at α = 45o and β = 15o. When contrasted with the presentation of the Savonius rotor without 
shades, C1 raised the power coefficient by 38%, while C2 and C3 each increased it by 16%. 

Table 3: An Overview of Studies Analyzing the Impact of Flow Rate Enhancement Tools 
Efficient flow augmentation 
techniques for horizontal-
axis wind turbines are 
discussed. 

Renewable and 
Sustainable 
Energy Review 

The VAWT's 
efficiency might be 
improved by 
installing 
components that 
increase the flow 
rate and, in turn, 
the positive torque 
it produces. 

K.H Wong et.al (2017) 

Different blade forms and 
curtain systems are studied 
computationally to see how 
they may enhance the 
Savonius wind turbines' 
aerodynamic performance. 

Energy Although the 
output power is 
increased by using 
air foil shaped 
blades and a novel 
curtaining system, 
the rotor geometry 

M Tratuferi et.al 
(2015) 
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is made more 
complicated. 

For a modified Savonius 
turbine, the optimal blade 
form involves an 
obstruction that blocks the 
path of the reversing blade. 

Energy 
Conversion and  
Management 

At λ =0.7, the 
power coefficient 
increases by 38.9 
percent when the 
returning blade is 
partly obscured by 
an obstruction. 

M H Mohamed et.al 
(2011) 

Analysis of curtaining's 
potential to boost the 
Savonius rotor's efficiency 

Experimental 
Thermal and 
Fluid Science 

When curtains 
were included, the 
power coefficient 
increased by 38%. 

Burcin et.al (2008) 

 
V. Impact of change in rotor design 

W Tian et al (2018) Power coefficient was tested in the wake of ascertaining the impact of rotor 
sharp edges. The coefficient of force was broken down and compared to that of a standard Savonius 
rotor, and By altering the dimensionless levels of the internal and raised sides of the rotor's edge, 
the performance was enhanced. As shown in the findings, the modification to the blade form 
resulted in a nearly 4% increase in the coefficient of power. 
S Roy et al (2015) tried out several blade designs such Benesh types, modified Bach types, and 
semi-elliptical ones to find which ones performed best. The wind turbine's aerodynamic 
performance was improved by repeatedly testing different blade sizes. According to experiments 
conducted in a low-speed wind tunnel, the power coefficient of the turbine was enhanced by around 
34% when a modified bach-type blade was used. 
Damak et.al (2013) checked out how well a helical Savonius rotor would do its job if its blades 
were kept a constant semicircle all the way up. The upper part of the blade was twisted 180 degrees 
with regard to the base. The rotor's effectiveness was measured in a slow-moving wind tunnel. 
From what we can see, the revised shape performs better than a conventional Savonius rotor. In 
any case, the refreshed plan was exceptionally sensitive regarding the Reynold's number. 
K. Kacprzak et.al (2013) Utilizing ANSYS simulation software, we looked at how three different 
rotor geometries performed. Analysts analyzed the streamlined execution of the conventional 
Savonius rotor to that of the Bach type Savonius rotor and the Curved rotor introduced in different 
written works. As shown by recreation results, the Bach type Savonius rotor outflanks both regular 
and curved rotors regarding power coefficient. 

Table 4: Review of Studies Analyzing the Impact of Rotor Design Variation 
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Savonius wind rotor shape 
optimization considering 
varying convex and 
concave faces 

Renewable  
Energy 

The conventional rotor 
blade's coefficient of 
power was raised by 4% 
thanks to adjustments 
made to its concave and 
convex side geometry. 

W Tian et al (2018) 

New two-blade Savonius-
type wind turbine tested in 
wind tunnel 

Applied 
Energy 

A almost 34% increase 
in power coefficient 
was achieved with the 
assistance of a turbine 
that used a modified 
bach type blade. 

S Roy et al (2015) 

An exploratory examination 
concerning a helical 
Savonius rotor with a 180-
degree contort 

Renewable  
Energy 

When compared to a 
regular savonius rotor, a 
helical savonius rotor 
performs far better. 
Highly cognizant of 
Reynolds' phone 
number. 

Damak et.al (2013) 

Using numerical methods, 
we compare and contrast the 
performance of standard 
and Savonius windmills that 
have been modified. 

Renewable 
Energy 

Compared to a normal 
or circular rotor, the 
power coefficient of a 
Bach type savonius 
rotor is more 
pronounced, as shown 
by the results of the 
reenactment. 

K Kacprzak et.al (2013) 

 
VI. Impact of Bucket overlap ratio 

Jaoa et.al (2012) examine the impact on the Savonius rotor's aerodynamic efficiency of varying 
the bucket overlap ratio. The pressure field, velocity field, and forces exerted on the bucket were 
calculated using star-CCM+ software. Researchers found that up to a certain overlap, the power 
coefficient works on because of air creating a strain on the curved side of the returning can through 
the hole delivered between the progressing and bringing buckets back. Greatest power coefficient 
was 31.61% at a can cover proportion of 15%. 
R Gupta et.al (2008) We looked at the streamlined productivity of a two-stage, three-pail 
Savonius rotor to a two-stage, three-edge Savonius-Darrieus rotor, and inspected the impact of 
expanding the cross-over proportion. The effectiveness of the two rotors was evaluated at three 
different overlap ratios: 0%, 16%, and 20%. They found that increasing the overlap on a three-
blade Savonius rotor increased its power and torque coefficients. The results diverged when 
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looking at the combined rotor. When the overlap was larger, the power coefficient was less. The 
combined rotor with no overlap had the best power coefficient efficiency (51%), surpassing even 
the Savonius rotor. 

 
Table 5: How the Bucket Overlap Ratio Affects Performance: A Review of the Literature 

The overlap ratio 
significantly affects 
the presentation 
coefficients of 
Savonius wind 
turbines, according 
to computational 
fluid dynamics. 

Renewable 
Energy 

At an overlap ratio of 
15% between buckets, 
the greatest power 
coefficient was 31.61 
percent. 

Joao et.al (2012) 

In this study, we 
analysed the 
differences and 
similarities between 
the Savonius three-
bucket and Savonius 
three-bucket, three-
bladed Darrieus 
rotors. 

Renewable 
Energy 

In terms of efficiency, 
a combined 2 stage 
Savonius-Darrieus 
rotor outperforms a 
standard Savonius 
rotor with varied 
bucket overlap ratios. 

R Gupta et.al (2008) 

 
Conclusion 
The writing examination uncovered that despite the fact that Savonius-type wind turbines are 
affordable and easy to build, they have a critical drawback as unfortunate result power. Drapery 
and balance game plan is only one of a few strategies proposed to work on the streamlined 
execution of Savonius wind turbines, and supporting the power proficiency of the rotor has been 
shown. These discoveries propose that the ability of the rotor to self-start in light winds is because 
of the presence of blades, while the curtaining game plan assists with alleviating the impact of 
negative force following up on the rotor can. 
Mathematical reenactments exhibited that the expansion of dimples to the sharp edge surface 
diminished the drag force. Edges with internal dimples might accomplish improved productivity 
than sharp edges with outward dimples, as per exploratory discoveries introduced by Gedyon et 
al. (2020). It was also shown that a blade's aerodynamic performance was affected by the number 
and placement of dimples. Several studies have shown that inwardly-facing dimples of a circular 
form may minimise drag on a blade's surface, however Tay et al. (2018) proposed an alternative 
design using a tear-shaped dimple. Modifications to the rotor math and the container cross-over 
proportion, as recorded in specific specialists' distributed papers, may likewise significantly affect 
the Savonius rotor's productivity. This research aims to expedite the Savonius VAWT's 
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implementation by including the dimple and balancing process into the rotor's cutting-edge 
computation. 
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