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Abstract 

Excessive use of fossil fuels is leading to depletion of the non-renewable sources of energy. To cope 

with the never-ending demand of energy we must shift our focus to renewable sources as much as 

possible. Airstream energy is proven to be valuable renewable source of energy. Vertical Axis 

Airstream Rotor is the main focus of this research. To know the real-time performance of a rotor a 

CFD simulation is performed using ANSYS. Airstream speed readings are taken for highway 

application of the rotor. 
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Introduction 

Conventional energy source like fossil fuels is in inadequate quantity. Due to intensive use of these 

sources for power generation, they are on the verge of diminishing levels. Use of these fuels leads to 

environmental pollution which is proving to be damaging to nature in every way. So, essentiality to 

apply regenerating power sources like airstream, solar, tidal, etc. is more. 

In this paper we are narrowing our focus on airstream energy. An assembly which translates moving 

motion of airstream in power is referred as airstream rotor. Airstream rotors are two kinds such as 

horizontal axis airstream rotor & vertical axis airstream rotor. Vertical axis airstream rotors have 

significant merits over horizontal type in relation to noise, use of turbulent airstream, cost, etc. 

Vertical axis rotor has two classes which are darriues vertical axis rotor (D-VAWT) & savonius 

vertical axis rotor [1]. 

In this paper we are going to discuss about savonius type of vertical axis airstream rotor. Savonius 

rotor. Savonius rotor takes some merits against darriues vertical axis rotor like self-initialising 

capability at short velocity airstream, modest in structure, self-governing on airstream course, 

minimum depreciation of mechanical parts [1]. 

CFD developed to be an influential device for testing of airstream rotor because of its cost-effective 

and short time analysis quality. CFD delivers a fluid mechanics solution by analysing and solving the 

issue connected to stream patterns hence it delivers decent outcome as equated to investigational 

outcome if boundary situations are provided correctly. 

CFD replications are executed by many researchers to get the idea of how the rotor performs in real-

time application. CDD simulations are carried for speed, pressure and airflow.  Steady two-

dimensional RANS CFD replications were directed by Altan and Atılgan in which stationary twisting 

forecasts for a Savonius propeller with external flow regulator established decent promise with the 

equivalent experimental airstream tunnel outcomes [2]. Steady 2-D CFD replications were executed 

by Menet [3] and Gupta et al. [4] on traditional and improved Savonius propeller arrangements. 

Unsteady 2-D and three-dimensional CFD replications were directed on a more than one blade 

vertical axis propeller by Pope et al. [5]. 

 

2. Simulation  

The viable CFD FLUENT is utilized to perform the incompressible Reynolds-Averaged Navier–

Stokes (RANS) formulas applying a 2nd order precise finite-volume discretization method. 

The figure below shows research method of CFD simulation of VAWT, 
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Figure 1 CFD Research Method [6] 

 

2.1 Governing equations and turbulence model 

The leading formulas are given by the incompressible method of the Navier–Stokes equations, 

counting the continuity formula and the momentum formula, as shown below. 
𝜕𝜌

𝜕𝑡
(𝜌𝑣) + ∇(𝜌𝑣𝑣) = −∇𝑝 + ∇𝜏̿ 

𝜕𝜌

𝜕𝑡
+ ∇(𝜌𝑣) = 0 

where t belongs to time, v to velocity vector, p to pressure, and τ indicates to the stress tensor. 

 

2.2 Geometry Model 

At first, a 2-D model of savonius type of VAWT is created in Autodesk Inventor Professional. 
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Figure 2 Rotor Geometry 

2.2 Computation domains and boundary conditions 

The domain required for computation is picked to be a circular region closed in rectangular entity 

with a dimension of 20 D×5D (length * width) as shown in Figure. The rotor is placed in a circular 

casing of 2.5D which is placed 2.5D from inlet boundary side of the rectangular domain. 

 
Figure 3 Computational Domains 

Pressure opening limitations are established at the upper and the lateral faces of the domain. A sliding 

mesh technique is utilized to apprehend the revolution motion of the rotor. 

 

2.3 Mesh generation 

In the following research, the computation mesh is produced first by providing face sizing of 7.5 mm 

and 15 mm to circular and rectangular domain respectively. An edge sizing of 7.5 mm is provided for 

circular edge. The detailed mesh is shown in figure,  

3-D Model 
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Figure 4 Mesh generated in Ansys Fluent 

2.4 Airstream speed measurement 

Airstream speed is different at different locations based on its geographical properties of the location. 

In this research, airstream speed of drag caused by moving vehicles is measured on a highway by 

digital anemometer. 

The maximum speed caught is 6 m/s by a heavy-duty vehicle as shown in figure below,  

 
Figure 5 Anemometer Reading 

3 Result and Discussion 

For better understanding of rotor performance, the simulation is performed for 10000-time steps with 

0.0015 s of time step size with 60 iterations per time step. 

 
Figure 6 Velocity contour 
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From figure above it can be clearly stated that velocity is maximum near the blades rotating them 

with maximum possible RPM.  

The moment and power calculations performed in ansys are plotted against time of rotor rotation. 

 
Figure 7 Moment vs Time 

The maximum moment is found to be nearly 0.8 N-m after 4 seconds of run then it decreases to 0.7 

N-m and remains constant afterwards.  

 
Figure 8 Power vs Time 

The power produced shows similar results as compared to moment. Maximum power attained is about 

13 W after 4 seconds of run. 

 
Figure 9 Force vs Time 
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The force acting on the blades at x and y direction is plotted in above graph. The force goes up to 15 

N in x-direction and 20 N in y-direction. 

 

Conclusion 

CFD simulation is performed to know about the real time experience of any mechanism without any 

physical creation. 

As per the simulation results, moment and power increases in first 4 seconds of rotor run and then 

becomes steady as the speed increases. Force acting on the blades first increases and then becomes 

constant as the velocity becomes constant. 
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