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A B S T R A C T  

 

Wind energy is a prominent renewable energy source, and Vertical Axis Wind Turbines 
(VAWTs) offer distinct advantages, including adaptability to changing wind directions and 
reduced noise levels. This paper conducts a numerical investigation into the impact of flat and 
curved stator blades on VAWTs, specifically the Savonius turbine, under 2D, viscous, turbulent, 
and steady flow conditions. Four stator blade configurations were examined, including no stator 
blades, smooth stator blades, twisted stator blades (Case A), and both blades being concave 
(Case B). The study reveals that curved stator blades enhance VAWT performance, with Case B 
exhibiting the most efficient performance. The results show pressure distribution on the turbine 
blades is non-uniform, with high and low-pressure zones, predominantly on the windward side. 
The presence of stator blades enhances pressure on all turbine blades, with Case B exhibiting 
the most optimal pressure distribution. Detailed observation of streamline and velocity 
distribution reveals improved flow lines for Case B, leading to more effective turbine blade 
performance. Case B consistently produces the highest turbine torque, with a maximum value 
of approximately 2.1 N·m achieved at Re = 15750. The torque demonstrates a positive 
correlation with increasing Reynolds numbers.  The study further introduces a non-dimensional 
torque ratio analysis, where Case B attains 7.59 times higher torque than the reference case at 
Reynolds number 15750. The sensitivity of torque increase with respect to Reynolds number 
change highlights that Case B (with a slope of torque increase at around 4.5e-04)  is the most 
responsive within the studied Reynolds number range. 

doi: 10.5829/ijee.2024.15.03.06 
 

NOMENCLATURE  

𝜌 Density (kg/m3) 𝑆  The mean rate of strain tensor (s−1) 

𝑢  Velocity (m/s) 𝑘  The turbulence kinetic energy(m2⋅s−2) 

μ Dynamic viscosity (Pa·s) T Torque (N.m) 

𝜀  Dissipation rate of turbulent kinetic energy(m2/s3) Index  

P Pressure (P) i , j Cartesian component 

𝑥  Length (m) t Turbulent 

𝜎  The turbulent Prandtl numbers (m2 s−1)   

 

 
INTRODUCTION1 
 
As fossil fuels continue to decrease, leading to an energy 

crisis, the demand for sustainable energy sources is 
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growing. In the past decade, there has been a push for 

immediate and effective solutions to the climate of world 

challenges. Wind turbines are one such solution that is 

gaining more political support due to their potential as a 
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sustainable and low-cost energy source. Utilizing wind 

energy to generate electricity can lessen the reliance of 

world on fossil fuels, while also being a non-polluting and 

environmentally friendly alternative. Among wind 

turbines, horizontal axis wind turbines (HAWTs) are the 

most commonly used, while vertical axis wind turbines 

(VAWTs) are also popular due to their straightforward 

design, lower noise, lower maintenance, and 

omnidirectional operation. HAWTs have their rotor axis 

parallel to the wind direction, while VAWTs have their 

rotor axis perpendicular to the wind direction. 

The Savonius rotor is a unique fluid mechanical 

device that has been studied since 1920s and is still used 

in developing countries because of its simple 

construction, cost-effectiveness, and strong starting 

torque even in low wind speeds  . The turbine examined in 

this study operates based on the basic concepts of the 

Savonius rotor. In this type of rotor, wind energy is 

transformed into mechanical torque by utilizing 

aerodynamic drag. The Savonius rotor has various uses, 

such as powering an electric generator, ventilating spaces, 

and stirring water to prevent the formation of ice in pools 

during the winter months. These applications have been 

explored in previous research (1, 2). Initial research has 

demonstrated promising starting characteristics for 

twisted blades. When choosing a wind site to install wind 

turbines for power generation, it is essential to extract as 

much energy as possible from the wind. This study was 

conducted to analyze the performance of a Savonius wind 

turbine equipped with a stator blade. According to Sarma 

et al. (3), the purpose of utilizing computational fluid 

dynamics (CFD) is to investigate the distribution of 

velocity and torque. Their study explored the adaptation 

of wind turbine technology to water in response to the 

depletion of traditional energy sources. The study focused 

on evaluating the performance of a Savonius wind turbine 

when driven by water currents at low velocities, using 

both experimental and computational methods. The 

findings demonstrated superior performance of the 

hydrokinetic turbine compared to its wind counterpart, 

with insights gained through detailed velocity and torque 

distribution analysis. Nasef et al. (4) carried out numerical 

simulations to analyze the aerodynamic performance of 

stationary and rotating Savonius rotors with different 

overlap ratios using four turbulence models. Comparative 

analysis with experimental data favors the SST k-ω 

turbulence model for accuracy. Increasing overlap ratio, 

particularly on the returning blade, improves static torque 

coefficient due to pressure recovery, while the best 

performance is achieved at an overlap ratio of 0.15 for 

rotating rotors. Kacprzak et al. (5) conducted a study on 

the performance of a Savonius wind turbine with fixed 

cross-sections using quasi-2D flow predictions in 

ANSYS CFX. The simulations carried out in this study 

facilitated a comparison with wind tunnel data presented 

in a related paper, which investigated two designs: the 

Classical and Bach-type Savonius rotors. This 

comparison emphasized the importance of employing a 

laminar-turbulent transition model. Additionally, the 

paper introduces a novel elliptical blade shape and 

systematically analyzes power coefficients, torque 

coefficients, flow structures, and wake characteristics at 

various tip speed ratios. Dobrev and Massouh (6) aimed 

to analyze the flow through a Savonius-type turbine using 

a three-dimensional model with the K-ε and Detached 

Eddy Simulation (DES) methods. They observed strong 

unsteady effects, including separation and vortex 

shedding, due to the continuous variation of the flow 

angle with respect to the blades and turbine principles of 

operation. The flow analysis helped to validate their wind 

turbine design. McTavish et al. (7) created a new vertical 

axis wind turbine (VAWT) that comprised of multiple 

asymmetric vertically stacked stages. The torque 

characteristics of the VAWT were investigated using 

CFD design 2010 software. Validation with a Savonius 

rotor showed good agreement. Results indicate that the 

new VAWT generates dynamic torque that decays faster 

at higher tip speed ratios due to its asymmetric design and 

rotor wall curvature. 

In contemporary times, the numerical approach has 

emerged as a potent computational tool and is frequently 

employed to address diverse fluid flow issues (8–10). 

CFD models furnish comprehensive details about the 

characteristics of the moving flow field surrounding the 

turbine blades, such as the pressure and speed 

distribution, as well as the overall efficiency of the wind 

turbine blade. However, the simulations were confined to 

a two-dimensional computational domain, which 

simplified the solution significantly and enabled 

reasonable computation times on a personal computer. As 

the VAWT operates in two dimensions and the axial flow 

is negligible, it rotates in the same plane as the wind 

approach. Therefore, a two-dimensional model was 

deemed sufficient for the comparative analysis of the 

stator effect. Fluent version 18 was used for the CFD 

simulations in this study. The software solves the time-

averaged Navier-Stokes equations and momentum 

equations iteratively using a control volume approach. 

The computational domain is divided into control 

volumes using the finite volume approach. The governing 

differential equations are expressed in general transport 

equations that include convection, diffusion, and source 

terms. These transport equations are then integrated over 

all the finite control volumes. Substitutions of finite-

difference type are made for the various terms in these 

integrated equations, resulting in a set of algebraic 

equations for the flow parameters. Suitable iterative 

methods are used to solve these simultaneous algebraic 

equations for the flow parameters. 

The k-ε turbulence model was selected for this study 

to determine the turbulent parameters at a constant state 

within the flow area. A new design for a Savonius wind 

turbine was tested in an open-air wind tunnel, and its 

performance was compared to other standard blade 
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designs. The reported data included corrections for wind 

tunnel blockage (11). 

To investigate the effect of wind boosters on power 

generation of vertical axis wind turbines and improve 

their performance at high wind speeds, a CFD study was 

conducted (12, 13). This study aimed to optimize energy 

harvest at low wind speeds . 

Recent studies have indicated that the interactions 

between Savonius wind turbines in a cluster can 

significantly enhance the output power of individual 

rotors. This effect leads to improvement in the 

performance and efficiency of the turbines, resulting in a 

substantial increase in their power generation (14, 15). To 

improve the aerodynamic performance of Savonius wind  

rotors, two different approaches have been introduced: 

the use of innovative airfoil-shaped blades and a new 

curtain system (16). These methods aim to enhance the 

efficiency and performance of Savonius wind rotors. The 

Savonius wind turbine is a promising option for low-

power applications in urban areas due to its simple and 

cost-effective design, despite its poor performance 

compared to more complex and expensive alternatives. 

The paper aims to improve the Savonius wind rotor's 

aerodynamic performance through innovative airfoil-

shaped blades and a self-orienting curtain system. Using 

a validated numerical model, the study demonstrates 

significant energy performance enhancements with both 

approaches. 

El-Askary et al. (17) investigated the enhancement of 

the performance of Savonius rotors by eliminating 

negative torque and increasing positive torque. To 

achieve this goal, three wind direction control designs 

were numerically studied. This paper introduces a 

solution to the limitations of Micro Wind Technology by 

proposing a Rotor House (RH) for vertical-axis wind 

turbines. The RH is shown to capture a larger wind parcel 

and enhance wind velocity, leading to improve micro 

vertical-axis wind turbine performance. Experimental 

tests reveal an increase in the power coefficient from 

0.125 to 0.218 with the optimized RH design. The results 

of the study showed that these designs could significantly 

improve the efficiency and power generation of the 

Savonius rotor, thereby enhancing its overall 

performance . 

Promdee and Photong (18) conducted a study to 

investigate the influence of wind angles and speeds on the 

performance of a Savonius wind turbine. The purpose of 

this research was to identify the optimal operating 

conditions for the turbine and determine how different 

wind angles and speeds affect its overall performance. 

The results of the study showed that wind speed had a 

significant impact on the power output of the turbine, 

while wind angle had a relatively minor effect. These 

findings can be used as valuable insights for future 

improvements in the design and operation of Savonius 

wind turbines . 

The study conducted by El-Deen et al (19) aimed to 

significantly enhance the performance of Savonius Bach-

type rotor by adding a new stator composed of a shield, 

obstacle, and guide plate around it. They performed a 

comprehensive parametric study, varying eight 

geometrical parameters for the stator, and utilized a 2D 

numerical model with ANSYS Fluent 18.1 to find the 

optimum shape for maximum rotor power coefficient 

value. The results of the study revealed that the main 

effective element in the turbine stator was the stator 

obstacle. The maximum power coefficient for the rotor 

with optimum stator configuration achieved a value of six 

times greater than that of the bare rotor under the 

examined conditions.  

The study conducted by Shashikumar et al. (20) used 

computational fluid dynamics simulations to compare the 

performance of conventional and tapered turbine blades 

for hydrokinetic power generation. The simulations were 

carried out using ANSYS Fluent and involved the use of 

the sliding mesh technique to study the influence of taper 

on a conventional Savonius turbine. The study found that 

the conventional turbine outperformed the tapered turbine 

blade by 5%, with a maximum coefficient of power of 

0.21 and a tip speed ratio of 0.9. The flow field around the 

conventional and tapered turbine blades at different 

angular positions was also analyzed, and it was 

discovered that the tapered turbine had a 5% reduction in 

performance due to energy loss at the exit side of the 

advancing blade . 

Considering previous studies, one of the aspects that 

affects the performance of wind turbines is the geometry 

of the rotor blades. There are two main types of wind 

turbines based on the orientation of their rotor axis: 

horizontal  axis  wind  turbines  (HAWTs)  and  vertical 

axis wind turbines (VAWTs). VAWTs have some 

advantages over HAWTs, such as lower noise, lower 

maintenance, and omnidirectional operation. However, 

VAWTs also have some drawbacks, such as lower 

efficiency, higher torque ripple, and high drag force. To 

overcome these drawbacks, researchers have proposed 

various modifications and innovations in the geometry of 

VAWT blades. For example, some studies have 

investigated the effects of blade curvature, blade twist, 

blade tapering, blade number, blade profile, and blade 

angle on the performance of VAWTs. Considering the 

importance of this issue, this paper examines a new type 

of  geometry  in  vertical  axis  wind  turbines,  specifically 

the Savonius turbine, that can improve system 

performance.  

 

Governing equations 

The Reynolds-averaged Navier-Stokes (RANS) method 

is employed as it is deemed the most appropriate 

approach given the available resources for this particular 

case. The RANS method is governed by two equations 

(21): 
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Considering that i and j represent the Cartesian axes; 𝒖 

denotes the mean velocity; 𝒙 is the length; and 𝑢𝑖
′𝑢𝑗

′̅̅ ̅̅ ̅̅ ̅ 

represents Reynolds stresses. The turbulence model 

utilized in this study is the Realizable K-ε model with 

enhanced wall treatment.   The transport equations for the 

Realizable K-ε model are (21). 
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𝐶1 = max⁡(0.43,
𝜂

𝜂+5
)  [5] 

η = S
k

ε
  [6] 

𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗  [7] 

where, G𝑘 denotes the turbulent kinetic energy generation 

owing to mean velocity gradient, 𝐺𝑏 denotes the turbulent 

kinetic energy generation owing to mean buoyancy, k is 

the turbulent Prandtl number for k and is the turbulent 

Prandtl number for .⁡𝐶1, 𝐶2 , 𝐶3 and C are the constants, 

whereas, 𝑆𝑘 and S are the assumed source terms, 𝑌𝑀 is the 

effect of the changing dilatation in compressible 

turbulence to the overall dissipation rate. 

 
Geometry  
In this Paper, four different geometries are investigated: a 

rotor positioned at a 90-degree angle, a flat plate stator, a 

curved stator with one convex blade (referred to as Case 

A), and a curved stator with both blades convex (referred 

to as Case B) Figure 1. 

 
Grid independency 

An investigation into mesh independence was conducted. 

Figure 2-a displays the mesh structure, and Figure 2-b 

illustrates the correlation between the number of elements 

and static torque. The results indicated that for 50,000 and 

100,000 elements, the static torque values were nearly 

identical. Therefore, a mesh composed of 50,000 

triangular elements is recommended as a cost-effective 

option due to its shorter computation time. 

 

 

 
 

a) b) 

  

c) d) 
Figure 1. Schematic of Geometries, a) rotor positioned at a 

90-degree angle, b) flat plate stator, c) curved stator with one 

convex blade, d) curved stator with both blades convex 

 

 

 
a) 

 
Figure 2. a) Mesh stracture b) Mesh independency 

 

 
Physical conditions 

Simulations were conducted at different wind speeds, 

with reference pressure set at 105 kPa and the reference 
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temperature used to calculate the density and dynamic 

viscosity of air under reference conditions. The air was 

assumed to be incompressible. 

 

Validation 

The static torques of the Savonius wind rotor with and 

without curtains were analyzed at three different rotor 

positions (45°, 60°, and 90°) using both experimental 

measurements (16) and the Fluent program. The results 

were compared in Figure 3. For the Savonius wind rotor 

without blades, the static torque values were obtained 

through experiments (16) and numerical analysis at the 

three rotor positions. As shown in Figure 3, both 

experimental and numerical analyses found that the static 

torque values were highest at 45°. The numerical  

accuracy of algorithm was verified through Figure 3, and 

the maximum error between simulation results and 

experimental results was found to be 2%. 

 

 

RESULTS AND DISCUSSION 
 

The pressure distribution around the surface of the turbine 

blades is depicted in Figure 4 with and without a stator. It 

can be observed from these illustrations that the 

distribution of pressure across the wind turbine is not 

uniform and includes significant pockets of high and low 

pressure. The highest pressure is found in the areas of the 

turbine that are directly exposed to the air flow 

(windward). Moreover, it is clear that each blade has a 

pressure side as well as a suction side. The pressure 

distribution colored on the figure highlights that the 

pressure is greater in all blades in the wind turbine with a 

stator blade. The function of stator is to direct the flow 

towards the effective part of the turbine. Among the 

presented cases, Case B yields the most optimal pressure 

distribution on the pressure surface of the turbine. 

Figure 5 provides a more detailed observation of the 

variation in streamline and velocity distribution across the 

blades. The flow field exhibits several characteristics, 

such as the acceleration of the flow around the edges of 

 

 

 
Figure 3. Validation of the present work with El-Deen et al. 

(16) 

 

 

 

 
Figure 4. Pressure distribution around the the Turbine blade 

(wind from left to right) 

 

 
the turbine and the presence of a low-velocity wake 

behind it. In Cases B, both convex surfaces offer 

improved flow lines leading to the effective part of the 

turbine blade. 

To determine the torque of wind turbine for a given 

inlet flow velocity, four tests were conducted on the 

incoming flow. Figure 6 displays the obtained results for 

the torque. It is evident that the rotor produces greater 

torque and lower drag than the turbine with a stator blade. 
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Figure 5. Velocity magnitude  distribution and tream lines 

around the the Turbine blade (wind from left to right) 

 
 

This is attributed to the orientation of the blade with 

respect to the incoming free stream flow. Therefore, the 

impact of the stator on the performance of the Savonius 

wind turbine is significant. Among the cases studied, 

Case B generates the optimal amount of turbine torque. 

As the Reynolds number increases, the torque also 

increases. The effect of the stator on the torque of the 

turbine is less pronounced at lower Reynolds numbers. 

 
Figure 6. Torque variation with Reynolds number of four 

cases 

 

 

Table 1 presents the non-dimensional torque ratio, 

which represents the ratio of the desired torque force to 

the reference torque. The reference torque in the present 

study is the stator torque at 90 degrees without stator 

blades, at a Reynolds number of 6750. 

The results indicate that the maximum torque for Case 

B occurs at a Reynolds number of 15750, which is 7.59 

times greater than the torque in the reference case. 

Figure 7 illustrates the slope of torque (S) increase 

with respect to the increase in Reynolds number for each 

case. The results indicate that Case B exhibits a higher 

sensitivity compared to other cases (with a slope of torque 

increase at around 4.5e-04). Therefore, within the 

investigated Reynolds number range, Case B experiences 

a greater increase in torque with increasing rotational 

force. 

 

 
Table 1. The variation of non-dimensional torque⁡(𝜏*) with 

different cases and Reynolds numbers 

Re 
𝝉* 

90-degree angle Flat blades A B 

6750 1 1.87 2.63 3.13 

11250 1.83 3.22 4.40 5.35 

15750 2.61 4.59 6.17 7.59 

 

 

 
Figure 7. Increase in torque slope in different cases 
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CONCLUSION 
 
Wind power is a renewable energy source with numerous 

advantages. Vertical Axis Wind Turbines (VAWTs) are a 

type of wind turbine known for their adaptability to 

varying wind directions and minimal noise emissions. 

This study aimed to enhance wind turbine performance 

by exploring different stator blade configurations, 

including cases with no stator blades, smooth stator 

blades, twisted stator blades (referred to as Case A), and 

stator blades with a concave shape (referred to as Case B). 

Numerical methods were employed to investigate the 

impact of these stator blade shapes, particularly on the 

Savonius turbine, under 2D, viscous, turbulent, and 

steady flow conditions. The results from the four tests on 

the incoming flow indicated that stator orientation 

significantly influenced turbine torque and drag. The 

pressure distribution across the wind turbine was found to 

be non-uniform, featuring high and low-pressure pockets. 

The highest pressure was observed on the windward side 

of the turbine, and pressure was generally greater in all 

blades when a stator blade was present. 

The findings revealed that Case B offered the most 

optimal torque (around 2.1 N.m at a Re =15750) and 

pressure distribution. Additionally, an increase in 

Reynolds number had a positive effect on torque. These 

results underscore the importance of careful stator blade 

orientation design for achieving optimal wind turbine 

performance. A non-dimensional torque ratio analysis 

was conducted, comparing the desired torque force to the 

reference torque at a Reynolds number of 6750. Case B 

demonstrated the highest torque at a Reynolds number of 

15750, exhibiting 7.59 times higher torque than the 

reference case. Moreover, the results indicated that Case 

B was more sensitive to changes (with a slope of torque 

increase at around 4.5e-04), experiencing a greater 

increase in torque with higher rotational force within the 

studied Reynolds number range. Since Case B is the 

preferred option, future work can focus on optimizing this 

case with regards to the angle of placement, curvature, 

and the length of the curve. 
 

 

REFERENCES 
 

1. Modi VJ, Roth NJ, Pittalwala A. Blade Configurations and 
Performance of the Savonius Rotor With Application to an 

Irrigation System in Indonesia. Journal of Solar Energy 

Engineering. 1983;105(3):294–9. Doi: 10.1115/1.3266381. 

2. Clark RN, Nelson V, Barieau RE, Gilmore E. Wind Turbines for 

Irrigation Pumping. Journal of Energy. 1981;5(2):104–8. Doi: 

10.2514/3.62509. 

3. Sarma NK, Biswas A, Misra RD. Experimental and computational 

evaluation of Savonius hydrokinetic turbine for low velocity 

condition with comparison to Savonius wind turbine at the same 
input power. Energy Conversion and Management. 2014;83:88–

98. Doi: 10.1016/j.enconman.2014.03.070. 

4. Nasef MH, El-Askary WA, AbdEL-hamid AA, Gad HE. 
Evaluation of Savonius rotor performance: Static and dynamic 

studies. Journal of Wind Engineering and Industrial 

Aerodynamics. 2013;123:1–11. Doi: 

10.1016/j.jweia.2013.09.009. 

5. Kacprzak K, Liskiewicz G, Sobczak K. Numerical investigation 

of conventional and modified Savonius wind turbines. Renewable 

Energy. 2013;60:578–85. Doi: 10.1016/j.renene.2013.06.009. 

6. Dobrev I, Massouh F. CFD and PIV investigation of unsteady flow 

through Savonius wind turbine. Energy Procedia. 2011;6:711–20. 

Doi: 10.1016/j.egypro.2011.05.081. 

7. McTavish S, Feszty D, Sankar T. Steady and rotating 

computational fluid dynamics simulations of a novel vertical axis 
wind turbine for small-scale power generation. Renewable 

Energy. 2012;41:171–9. Doi: 10.1016/j.renene.2011.10.018. 

8. Jalili B, Aghaee N, Jalili P, Domiri Ganji D. Novel usage of the 
curved rectangular fin on the heat transfer of a double-pipe heat 

exchanger with a nanofluid. Case Studies in Thermal Engineering. 

2022;35:102086. Doi: 10.1016/j.csite.2022.102086. 

9. Jalili P, Kazerani K, Jalili B, Ganji DD. Investigation of thermal 

analysis and pressure drop in non-continuous helical baffle with 
different helix angles and hybrid nano-particles. Case Studies in 

Thermal Engineering. 2022;36:102209. Doi: 

10.1016/j.csite.2022.102209. 

10. Jalili B, Jalili P. Numerical analysis of airflow turbulence intensity 

effect on liquid jet trajectory and breakup in two-phase cross flow. 

Alexandria Engineering Journal. 2023;68:577–85. Doi: 

10.1016/j.aej.2023.01.059. 

11. Roy S, Saha UK. Wind tunnel experiments of a newly developed 

two-bladed Savonius-style wind turbine. Applied Energy. 

2015;137:117–25. Doi: 10.1016/j.apenergy.2014.10.022. 

12. Korprasertsak N, Leephakpreeda T. CFD-Based Power Analysis 

on Low Speed Vertical Axis Wind Turbines with Wind Boosters. 
Energy Procedia. 2015;79:963–8. Doi: 

10.1016/j.egypro.2015.11.594. 

13. Korprasertsak N, Leephakpreeda T. Analysis and optimal design 
of wind boosters for Vertical Axis Wind Turbines at low wind 

speed. Journal of Wind Engineering and Industrial Aerodynamics. 

2016;159:9–18. Doi: 10.1016/j.jweia.2016.10.007. 

14. Shaheen M, El-Sayed M, Abdallah S. Numerical study of two-

bucket Savonius wind turbine cluster. Journal of Wind 

Engineering and Industrial Aerodynamics. 2015;137:78–89. Doi: 

10.1016/j.jweia.2014.12.002. 

15. El-Baz AR, Youssef K, Mohamed MH. Innovative improvement 

of a drag wind turbine performance. Renewable Energy. 

2016;86:89–98. Doi: 10.1016/j.renene.2015.07.102. 

16. Tartuferi M, D’Alessandro V, Montelpare S, Ricci R. 

Enhancement of Savonius wind rotor aerodynamic performance: 
a computational study of new blade shapes and curtain systems. 

Energy. 2015;79(C):371–84. Doi: 10.1016/j.energy.2014.11.023. 

17. El-Askary WA, Nasef MH, AbdEL-hamid AA, Gad HE. 

Harvesting wind energy for improving performance of Savonius 

rotor. Journal of Wind Engineering and Industrial Aerodynamics. 

2015;139:8–15. Doi: 10.1016/j.jweia.2015.01.003. 

18. Promdee C, Photong C. Effects of Wind Angles and Wind Speeds 

on Voltage Generation of Savonius Wind Turbine with Double 

Wind Tunnels. Procedia Computer Science. 2016;86:401–4. Doi: 

10.1016/j.procs.2016.05.044. 

19. Saad El-Deen AE, Nawar MAA, Attai YA, Abd El-Maksoud RM. 

On the enhancement of Savonius Bach-type rotor performance by 
studying the optimum stator configuration. Ocean Engineering. 

2020;217:107954. Doi: 10.1016/j.oceaneng.2020.107954. 

20. Shashikumar CM, Vijaykumar H, Vasudeva M. Numerical 
investigation of conventional and tapered Savonius hydrokinetic 

turbines for low-velocity hydropower application in an irrigation 

channel. Sustainable Energy Technologies and Assessments. 

2021;43:100871. Doi: 10.1016/j.seta.2020.100871. 

21. Roy S, Saha UK. Computational Study to Assess the Influence of 

Overlap Ratio on Static Torque Characteristics of a Vertical Axis 

Wind Turbine. Procedia Engineering. 2013;51:694–702. Doi: 

10.1016/j.proeng.2013.01.099. 



P. Hedayati et al. / Iranica Journal of Energy and Environment 15(3): 279-286, 2024 

286 

 

 

COPYRIGHTS 
©2024  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as 

long as the original authors and source are cited. No permission is required from the authors or the publishers . 
  

 

Persian Abstract 
 چکیده 

عمود    یباد  نی. تورب شوندیبه طور گسترده استفاده م  یانرژ  نی از ا  یبرداربهره  یبرا  یباد  یهانی دارند و تورب   یخوب   اریبس  یهاتیقابل  ریپذ دی تجد  یمنابع انرژ

  نی باشند. در ایمطالعه م  ی برا  یجذاب   نهیمحور، گز   یافق  یباد  یها  نی نسبت به تورب   ترنیی پا  یصدا  دیمختلف باد و تول  یهاکار در جهت  ییتوانا   لیمحور به دل

چهار هندسه در کار حاضر مورد    لی دل  ن یشود. به همیپرداخته م  وس یعمود محور سان   یباد  ن یدر تورب   ده یاستاتور خم  ی هاپره  ریتاث  یعدد  ی مقاله به بررس

  سیمحدب است و ک یگریها مقعر و داز پره یکیکه در آن  A یدهیکه شامل هندسه بدون پره استاتور، پره استاتور صاف، پره استاتور خم ردیگیقرار م یبررس

B   دهی استاتور خم  ی هاکه پره دهدیچهار حالت مختلف نشان م  یفشار و گشتاور برا  جی دو پره مقعر هستند. نتا  که در آن هر  B  نسبت    ی بهتر یراندمان عملکرد

  جاد ی فشار را ا  ع یتوز  نی بهتر  B  سیو ک   شودیم  ن یتورب   ی هاهمه پره  یفشار بر رو  شی افزا   ثاستاتور باع  ی هادارد. وجود پره  یمورد بررس  یهاهندسه  گریبه د

گشتاور در   15750 نولدزیدر ر  یبررس  نی که در ا کند یم دی را تول نیگشتاور تورب  ن یشتریمختلف ب  ی نولدزهایهمواره در ر  B س یک دهدینشان م ج ی . نتاکندیم

برابر    7.59  ی، به اندازه15750  نولدز یدر ر   B  س یک  یگشتاور برا  یرویدهد ن یمورد نظر نشان م  س یبر چهار ک  نولدزی ر   راث  یمتر است. بررس  وتنین   2.1حدود  

  ی هانسبت به حالت  یشتری( ب e-04 4.5  )حدود  بیبا ش  B  س یدر ک  یگشتاور  یروین   شی افزا  نولدزیر   شی با افزا   نی . علاوه بر اابدی   یم  شی مرجع افزا  سی نسبت به ک

 .کندیرشد م ،یبررس دمور گرید

 

 


