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Introduction

Due to its availability, high efficiency, and low cost, wind energy
plays a critical role in the transition from energy sources to renewable
sources in order to achieve sustainable development. In many villages
of Iran where the required electricity does not exceed a few kilowatts
and relatively good wind potential exists in different seasons of the
year, the application of micro wind turbines as an off-grid source for
supplying electricity to these areas can be effective in reducing
greenhouse gas emissions and diminish the usage of thermal power
plants. numerical and computational methods are able to evaluate the
performance of wind turbines while reducing the cost of fabrication
and testing required and provide the opportunity for optimizing the
geometry and design of turbine with higher efficiencies.. To this end,
this study has utilized the computational fluid dynamics analysis to
predict and improve the performance of a high-solidity vertical axis
wind turbine.

Materials and methods

The present study proposes a numerical simulation in
Ansys 18 (commercial software), based on
Computational Fluid dynamics (CFD) to predict the
performance of a high-solidity, 3-blade, low-speed
vertical axis wind turbine. In this regard, a two-
dimensional fluid domain was generated, and a
detailed meshing and a comprehensive mesh study
were carried out. Various turbulence models were
investigated and among them the Transition SST
turbulence model showed the most acceptable
results. Subsequently, other items including the
boundary conditions, solver type, and time step were
selected and optimized. To achieve a reliable solution
to the problem and reduce the errors in the results,
simulations were performed for 5 turbine rotation
cycles.

Discussion and conclusions

Based on the results, The minimum and maximum
torque of the turbine per unit length for 4™ and 5"
revolutions are -15.03 Nm and 45.33 Nm and the
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average is 10.80 N. The power coefficient and the
output power of the turbine rises as the tip speed
ratio (turbine rotational speed) increases, reaches its
maximum value and then decreases. In order to
validate the simulation results, respective curves
based on simulation and experimental data are
provided and the amount of deviations are
investigated. Following the model’s results, The
maximum turbine power coefficient is 0.29 at a
blade tip speed ratio of 1.62, while laboratory data
reports these values as 0.253 and 1.58. therefore,
there is a 23.40% difference between experimental
and model results in the maximum power
coefficient. Moreover, the peak turbine power of the
model occurs at a speed of 80 rpm, which is equal
to 333.1 watts. However, laboratory data shows
maximum turbine power as 290.6 watts at 100 rpm,
which is 23.40% lower than the simulation result.
According to the results, the two-dimensional
simulation approach tends to overestimate the
values compared to the actual data. Among the
contributing factors to this inaccuracy are using 2D
simulation and ignoring the gradient of velocity and
pressure in the Z-axis, not considering the turbine’s
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axis and blade-axis connections in the fluid’s
domain, not considering the blades tip vortices and
interaction of vortices with blades in the third
dimension. Since Supplying the electricity to off-
grid areas in form of distributed generation by using
renewable resources have been considered to be one

of the main components of sustainable development
in the field of energy, vertical axis wind turbines
proposed in this study are viable alternatives to
commonly used diesel generator for areas with
appropriate wind potential.
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5. Computational Fluid Dynamics (CFD)
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1. Unsteady Reynolds-Averaged Navier-Stokes (URANS)
2. X-Flow
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5. Mesh independence

6. Tip speed ratio

7. solidity

8. Computational domain
9. Stationary domain

10. Rotational domain
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1. K-W SST
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3. CFD post
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7. Element

8. Nodes

9. skewness

10. Aspect ratio
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1. Hybrid mesh

2. triangular unstructured
3. Size function

4. uniform

5. Proximity and curvature
6. Inflation quad
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7. Dynamics Stall
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13. Pressure velocity coupling

14. Time step
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