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Abstract — Given the overuse of conventional energy sources, wind 

energy, a renewable source of energy, has taken on significant 

importance. The extraction of electrical energy from this renewable 

source is aided by a wind turbine. This work is Comparison Between 

two Guide Vane Designs at different Tilt Angles on Savonius Wind 

Turbine Performance. ANSYS 17.0 is used to carry out the design and 

the computational fluid dynamics analysis. According to the findings, a 

concave guide vane performed better than a straight guide vane. 
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Performance, Tilt Angle, CFD. 

I. INTRODUCTION 

esearchers have been examining the impact of various 

Savonius rotor configurational aspects and flow 

characteristics on the overall performance of turbines for the 

last few decades. In 2015, Frederick's et. al [1] used 

empirical and numerical studies to examine the effect of the 

number of blades on the Savonius turbine's efficiency. They 

discovered that a three-blade turbine is more effective for 

high tip speed ratios while a four-blade turbine is more 

effective for low tip speed ratios. Experimental research on 

the effect of upstream deflectors on straight-bladed VAWT 

performance was conducted by Kim et al. When the wind 

turbine is positioned behind the deflector, its power increases 

significantly. Furthermore, when the turbine is located 

outside of the deflector's near-wake, power increases more. 

Deflector height has a significant impact. When the height 

between the deflector and the turbine is parallel, the power 

increases continuously at each turbine position [2]. A turbine 

with a novel geometry was put through an experimental 

comparison with four other models by Roy and Saha [3], who 

asserted that it was more efficient than the common Savonius 

turbine. Tahani et assimilations’ of five three-dimensional 

rotor models [4] included the Savonius with a simple circular 

blade, the Savonius with a twisted simple circular blade, the 

Savonius with a simple circular blade and variable cut plane, 

the Savonius with a twisted simple circular blade and 

variable cut plane, and the Savonius with two or three blades 

and a conical shaft. To ultimately determine the ideal 

conditions for these turbines, they investigated the effects of 

various parameters including rotor height and power 

coefficient. 
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II. MATERIALS AND METHODS 

By examining the Savonius rotor's blades' aerodynamic 

properties, this paper seeks to identify the most effective 

Vertical Axis Wind Turbine. There are two sections to the 

fundamental components. This study's first section consists 

of a numerical analysis. ANSYS software was used to 

carry out this computational investigation. A 2-D model 

was used to create the flow field. To calculate the torque 

coefficient, a basic investigation was run on FLUENT after 

the mesh was created with ANSYS. Additionally, the 

extracted velocity and torque values are used to compute 

the torque and power coefficient. The second step is to 

analyze the numerical results and the formulation of a final 

conclusion  

 
Fig. 1. flow chart describing the methodology used. 

III. DESIGN OF GUIDE VANE 

Six adjustable blades make up the guide vanes, which can 

be used to increase or decrease the flow rate through the 

turbine. The vanes are set up between two parallel covers 

that are perpendicular to the turbine shaft. Air streams are 

intended to be properly directed to turbine blades using 

guide vanes with straight and concave shapes, as shown in 

Figure 2. 
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Fig. 2. design of guide vane. 

IV. COMPUTATION DOMAINS AND BOUNDARY CONDITIONS 

The computational domain was given a dimension of 10D 

× 30D to allow the flow to develop to a fully developed 

regime at the upstream flow and to lessen the blockage 

effect. The rotor was positioned 10D from the inlet 

boundary, in the middle of two wall boundaries. Figure3. 
 

 
 

Fig. 3. Computation Domains and Boundary Conditions. 

V.  GRID GENERATION 

The MESH tool in ANSYS 17.0 was used to create the 

computation grid. For the purpose of simulating the rotor's 

rotational motion, a sliding mesh technique was used. 

Quadrilateral elements are preferable in 2D grid generation 

because they require less memory than triangular elements 

(the number of quadrilateral elements is only half that of the 

triangular elements, taking into account the same number of 

grid nodes) and offer extremely precise numerical solutions. 

Therefore, quadrilateral elements were used to discretize the 

two subdomains. In comparison to the other domain, the rotor 

domain used a higher grid density. To enhance the grid quality 

and accurately capture the flow behavior at the boundary 

layer, uniform rectangular layers of the grid elements were 

developed close to the blade surface. Depending on the rotor's 

rotational speed and the placement of the elements on the 

blade, the height of the first grid layer above the blade surface 

was chosen to produce a y+ value less than 1. Figure 4 depicts 

the rotating domain's boundary layer. 
 

 
 

Fig. 4. Grid generation for stator and rotator domain 

VI. SLIDING MESH MODEL 

In order to simulate the dynamic effect of rotor rotation, a 

sliding mesh technique was used. The boundary between the 

meshes must be a surface of revolution in order for one mesh 

to be rotated in relation to another. The grid on this boundary 

must have two surfaces that are superimposed when it is in its 

original position (not rotated). One will stay with the rotating 

mesh region during the solution, and the other will stay with 

the stationary mesh region, as shown in Figure 5. The cells 

won't always line up exactly or conform to one another 

throughout the rotation. Interpolation is necessary to match 

each cell with its numerous neighboring cells across the 

interface when information is transferred between the rotating 

and stationary grid regions. 
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Fig. 5. Mesh interface 

VII. MESH INDEPENDENCE TEST 

To assess how grid resolution affected the calculated rotor 

torque, a grid convergence study was conducted. At 10.7 m/s, 

simulations were performed on a Savonius turbine without a 

guide vane. The dynamic coefficient is displayed in Figure 6. 

By altering the size of elements close to the blade and those in 

the rotor domain, the grid density was managed. Too many 

cells could make the solver's calculations take too long. After 

experimenting with mesh operations and techniques, we were 

able to achieve acceptable results with roughly 55000 mesh 

elements without running the risk of not having exact results 

compared to experimental results. 

 

 
 

Fig. 6. Mesh independence test 

VIII. VALIDATION 

A Savonius wind turbine without a guide vane was used for 

the validation. The outcomes of the simulation were then 

contrasted with the experimental data from [5]. Figure 7 

compares the experimental torque coefficient to simulation 

results. 
 

 
Fig. 7. Results for Turbulence model 

IX. RESULTS AND DISCUSSION 

A series of simulation has been carried out. Two-bladed 

Savonius wind turbines with straight and concave guide 

vanes at various tilt angles were used in the simulation. 

Savonius wind turbine performance was determined using 

simulation results for torque (T) at various wind speeds (v).  

 
 
Fig. 8. Torque coefficients with wind speed for turbines with different tilt angle. 

Figure 8 shows the torque coefficient based on different 

speeds used in this study. With an increase in velocity, the 

torque coefficient increased in tandem. It also demonstrates 

that adding guide vanes increased the torque coefficient in 

the same manner for each guide vane design when the tilt 

angle reached 50°, after which the torque coefficient started 

to fall as the tilt angle rose. 

 

 

Fig. 9. Variation between power and wind speed  

When compared to the maximum power of the Savonius 

wind turbine with a straight guide vane, the concave guide 

vane's maximum power was 4.750 watt at 10.7 m/s, an 

improvement of about 6.96%. 

 

Figure 10 displays the pressure distribution (pa) on the 

blades. On the concave side, the high-pressure area shows, 

and on the convex side, the low-pressure area. The turbine 

rotates as a result of the pressure gradient between the 

convex and concave sides of the blades. 
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Fig. 10. static pressure Contours for 50° and 10.6 m/s. (a) without guide 
vane; (b) straight guide vane. 

X.  CONCLUSION 

In this paper a series of simulation has been carried out to 

study the effect of guide vane on the performance of Savonius 

wind turbine. Those simulation used two-blade Savonius wind 

turbine with straight and concave guide vane at different tilt 

angle. The results show that the best design of guide vane is 

the concave with tilt angle 50°. The power generated by 

turbine increases up to 6.96% compared with straight guide 

vane turbine. 
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