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ABSTRACT: In the present research, the effects of various parameters in simulating wind flow around
an H-type vertical axis wind turbine with NACAO0018 airfoils are studied. All computations are carried
out using the computational fluid dynamics method and finite volume approach. Free-wind velocities of
5, 10, and 15 m/s, and tip speed ratios of 3 and 5 are considered. Grid size, time-step size, rotating zone
diameter, and domain size independence studies are investigated. All obtained results are compared with
experimental data and show good agreement. Examination of obtained results reveals that by increasing
Free-wind velocity, maximum momentum coefficient occurs at higher azimuthal angles. Also, by
decreasing tip speed ratio, more volume of air penetrates the rotor and therefore, fluctuations of wind
turbine increase and, lifecycle and performance of wind turbine decrease. Furthermore, the effect of tip
speed ratio on the performance of wind turbine is more significant than Free-wind velocity so that by
increasing tip speed ratio from 3 to 5 at a constant Free-wind velocity of 10 m/s, the power coefficient
increases by 81.87% and by increasing Free-wind velocity from 5 to 10 m/s at a constant tip speed ratio
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of 3, power coefficient increases by 58.2%.

Power Coefficient

1- Introduction

By increasing the global population, demand to use
energy sources increases. Among these energy sources, fossil
fuels are used in most countries because of their benefits
to the traders and their compatibility with machines and
devices. Using fossil fuels as providing energy sources has
disadvantages such as increasing greenhouse gases, global
warming, pollution, acidic rain, polar ice caps melting,
draining water resources, etc. The best solution to prevent the
mentioned results of using fossil fuels are renewable energy
resources such as wind, solar, ocean waves, hydroelectric
and geothermal. Among these energy resources, wind energy
is one of the most available energy resources. Wind Energy
can be harnessed in residential and nonresidential places,
coastlines, offshore, during the day and night, and in many
climate conditions if the wind velocity is within the proper
limit for harnessing energy by wind turbines. Wind turbines
are used to capture wind energy source. Wind turbines are
manufactured in two types of Vertical Axis Wind Turbine
(VAWT) and Horizontal Axis Wind Turbine (HAWT).
HAWTs are more efficient than VAWTs but have more
installation and maintenance costs. Also, HAWTs need more
space for installation and are sensitive to wind flow direction
but VAWTs need a small space of installation and are not
sensitive to the wind flow direction. In the following, some
published papers about VAWTs are reviewed.
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Lietal. [1-3] studied the effects of aerodynamic forces, the
number of blades, and pitch angles of blades. They showed
that by increasing the number of blades, power coefficient of
the wind turbine decrease, and maximum power coefficient
occurs at a pitch angle of 6 deg. Howell et al. [4] showed
that by increasing surface smoothness of blades, power
coefficient of wind turbine decrease at low Reynolds numbers
(Re<30000). Rezaeiha et al. [5, 6] studied the minimum
requirements for wind turbine simulation and concluded
that by reducing time-step size smaller than 0.5 degree of
revolution of wind turbine, numerical results do not change
significantly. Mohamed [7] investigated noise emission of a
double-airfoil VAWT and revealed that 60% spacing between
two airfoils is the best configuration to reduce noise emission.

In the present study, the effects of several parameters
to simulate flow field around a VAWT accurately, are
investigated. Also, performance of a two-bladed H-type
Darrieus VAWT under several free-wind velocities and tip
speed ratios are studied.

2- Computational Domain

A two-bladed H-type Darrieus VAWT with NACA0018
airfoils is simulated numerically to study the performance
of wind turbine under different conditions. Two-dimensional
computational domain is shown in Fig. 1. In Table 1, geometric
specifications of the computational domain are shown.
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Fig. 2. Time-step size independence study for blade A

3- Governing Equations
Transition SST turbulence model is employed to evaluate
turbulence effects. The governing equations for 2D, unsteady,
turbulent, and incompressible flow are given as follows;
Conservation of mass:

VIV =0

Conservation of momentum:
DV -
== Vp+ VIV

P Dr pTHu
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The dimensionless coefficients are defined by the

following equations [8]:

F,
C,=——"L——
0.5xpU"S
CLz—FL 5
0.5xpU"S
C, =
0.5pU°S



F. Sepehrianazar et al. , Amirkabir J. Mech. Eng., 53(special issue 3) (2021) 415-418, DOI: 10.22060/mej.2020.17269.6557

0.25

0.20 |- —U=5m/s
- =-U=10m/s

0.15 |-|----U=15m/s

@) 0.10

0.05

0.00

-0.05

Fig. 3. Please delete the Persian sentence just under this figure!

Table 1. Geometric and functional specifications of studied wind turbine model

parameter

value

Airfoil

Number of blades

Diameter of rotor (D)

Chord length

Shaft Diameter (Ds)

NACAO0018
2
I m
60 mm

40 mm

4- Results and Discussion

In Fig. 2, instantaneous momentum coefficient of blades A
and B for the last revolution of the rotor are shown. According
to this figure, by increasing free-wind velocity, maximum
momentum coefficients of blades increase and occur at higher
azimuthal angles. Also, maximum momentum coefficient of
blade A occurs at azimuthal angles of around 90 deg and that
of blade B occurs at azimuthal angles of around 270 deg.

5- Conclusions

In this paper, numerical and geometrical parameters
of an H-type VAWT have been studied in order to have an
accurate simulation. Free-wind velocities of 5, 10, and 15
m/s and tip speed ratios of 3 and 5 have been investigated.
By increasing free-wind velocity, maximum momentum
coefficient increases. More volume of air penetrates the rotor
at a tip speed ratio of 3 and therefore, by increasing fluid-
solid interaction, vorticity patterns inside the rotor increase.
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Fig. 12. Instantaneous momentum coefficient for the last revolution of rotor for TSR=3
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Fig. 13.Instantaneous momentum coefficient for the last revolution of rotor for TSR=5
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