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Abstract
In this paper, the authors performed a series of numerical analysis using CFD methods for the study of turbulence intensity
effects on the efficiency of a wind turbine vertical axis Darrieus type, at the starting point. These analyzes have the tip
speed ratio value (TSR) equal to 1. The solver used is based on pressure and it uses the Simple Method (semi-implicitmethod-pressure-linked-equation). To determine the influence of the turbulence intensity were imposed on border
conditions, the intensity values between 1 and 20%. Finally, are represented variations of moment and power coefficients
for a full rotation (0-360 degrees). The magnitude vorticity variation is also presented for all the studied cases.
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1. Introduction
Because of the current technology, fuel is growing. Which, unfortunately, has negative effects on the
environment through CO2's emissions both by the use of liquid and solid fuel? An alternative is represented by renewable
energy. An important component of this kind of energy is represented by wind energy.
Although at this time the market is dominated by HAWT, VAWT are starting to catch up also because of its
advantages. Among these advantages are its independence from wind direction and the fact that it can also work at lower
wind speed values. The flow in such a turbine is entirely non-stationary and is dictated by the phenomenon of dynamic
stall [1-2]. Numerous scientific papers are based on the analysis of this phenomenon to determine its effects on the
efficiency of a VAWT [3-5].
In determining the the efficiency of a VAWT, we mention the reference works [6-7] where efficiency of a vertical
axis wind turbines was determined using models based on "double-multiple-streamtube". The efficiency of a vertical axis
wind turbine is influenced by many factors such as solidity, TSR, wind speed, and also the influence of the number of
blades on aerodynamic efficiency[8]. Other theories were proposed and used to determine the efficiency of a wind turbine
Darrieus type [9] with results which were verified with experimental data obtained in the wind tunnel.
For numerical investigation of the flow in a VAWT, commercial CFD codes using standard methods URANS or
LES URANS models can analyze both the non-stationary nature of the flow and turbulence effects [10]. If in the past
URANS models were imprecise in the transition zone between laminar and the turbulent regime newelly developed
adaptations to the standard SST model, having four transport equations, can also capture transition [11].
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Vertical axis wind turbine
Computational fluid dynamics;
Unsteady Reynolds Average Navier-Stokes;
Tip speed ratio;
Wind turbine radius;
Blade’s chord;
Upstream velocity;
Number of blades;
Solidity;
Shear stress transport;
Turbulence kinetic energy;
Specific dissipation rate;
Intermittent;
Momentum thickness Reynolds number;
Boundary condition

2. Numerical method
In this section we present details about the numerical simulations of flow around a Darrieus type vertical axis
wind turbine using Ansys Fluent CFD code. First, in Fig.1 is shown the 3D virtual model of the wind turbine along with
the two-dimensional computational meshes used for the stationary domain and the rotating domain which containes the
blades.
This turbine is designed to generate up to 5.5 kW power at a wind speed of 8 m/s. Table 1 shows the geometric
parameters of the entire system. Equation (1) was used for the dimensioning the wind turbine rotor. In this way, the
characteristic dimensions such as height and rotor diameter were determined. Given that it is desired to have high
efficiency values at lowTSRs, the turbine solidity was imposed at 0.5. Thus using equation (2) we determined the
aerodynamic chord length of the vertical axis wind turbine blades. For the actual airfoil we chose the NACA 0021 which
has a well documented behavior even at post-stall angles of attack and also has been used in previous numerical tests
performed by the authors.
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Fig. 1. (a) The VAWT geometry; (b)The mesh for VAWT

P

1
2P
SCpVinf3  S 
 H, D
2
CpVinf3

(1)



Nc
R
c
R
N

(2)

Parameter

Value

rotor diameter

D[m]

3.6

Height rotor

h[m]

4.5

Number of blades

N[-]

3

Height whole ensemble

H[m]

16

blade chord

c[m]

0.6

Table 1. The turbine features
The computational domain was divided into two subdomains. One rotoric - containing the blades of and the shaft
of the wind turbine, and one stationary - representing the farfield. Figure 1 (b) presents the structured mesh created for
this set of tests.
For this analysis, an URANS model was used to study the effectsof turbulence intensity on the efficiency of the
wind turbine. Thus we chose different values of intensity on the farfield frontier of the computational domain, this is seen
as a replacement for the practical case where a turbulence inducing grid or obstacle would typicaly influence the flow
upstream.Turbulence intensity values were considered at multiple values between 1% and 20%.The URANS methods
were used in conjunction with the SIMPLE pressure-velocity coupling method. All tests were performed in 2D with the
transition correcting SST turbulence model.
Since the flow at the starting regime is the one of interest in this paper, and that it is characterized by low
Reynolds numbers, the transition adapted SST model was used to account for boundary layer transition. Detailed
formulation of a model of turbulence can be found in the work of Menter et al. [12] and Langtry et al [13].
Menter's TransitionSST turbulence model was first detailed in [11] and is a model with four equations. In the
standard equations of k-ω SST model a further two equations are meant to solve problems that arise in the transition zone
between the laminar and turbulent region.
The intermittent transport equation are expressed as:
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while the transport equation for the momentum thickness Reynolds number, is:
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3. Results and discussions
The results of the flow simulations confirm that the flow is in transition on a significant portion of the airfoil
used for the VAWT, therefore the use of the additional two transport equations of the model is justified.
In determining the influence of turbulence intensity in wind turbine efficiency vertical shaft at the start moment,
we plotted in Figure 2 the power coefficient variations on a full rotation for the cases studied.
In Figure 3we show variations of vorticity for various positions of of the wind turbine blades. Thus variations
are provided for angular positions 0, 120, 240 ° for the turbulent intensity values of 1%, 5%, 10% and 20%.

Fig. 2. The power coeficient variation
4. Conclusions
In this paper the influence of turbulence intensity on the efficiency of a wind turbine at the time of start was
analyzed. In order to view the influence of turbulence intensity we represented the variations in different positions of the
vorticity flow field around the wind turbine blades, for all cases considered. From the power coefficient variation it
resulted that the farfield value of the turbulent intensity may influence the efficiency of the wind turbine (2D analysis) by
up to 3 percent. The trailing wake patern is more unstable in the case of lower turbulence intensity, leading to an oscillation
in the lift coefficient of the downstream blade which it impacts. As turbulence intensity increases, the wake is turbulent
and the von Karman vortex street is dissipated before reaching the downstream blade. Overall, the combined effects of
vortices shed by the blades upstream lead to an irregular momentum variation which adds to the main oscilatory pattern
from classic theory.As seen in Fig.2, the differences in peek power coefficient are highest where the turbulence intensity
is lowest, for the above reasons.
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Fig. 3. The vorticity distribution for
1) 0degree position and 1% turbulence intensity; 2)120degree position and 1% turbulence intensity;
3) 240degree position and 1% turbulence intensity;
1') 0degree position and 5% turbulence intensity; 2')120degree position and 5% turbulence intensity;
3') 240degree position and 5% turbulence intensity;
1'') 0degree position and 10% turbulence intensity; 2'')120degree position and 10% turbulence intensity;
3'') 240degree position and 10% turbulence intensity;
1''') 0degree position and 20% turbulence intensity; 2''')120degree position and 20% turbulence intensity;
3''') 240degree position and 20% turbulence intensity;
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Moreover, on average, the maximum power coefficient is highest when the turbulence intensity is at about 10%.
In addition to this, the variation of the Cp with theta also displays an oscillation of much lower amplitude and frequency.
Further work will have to make use of more advance turbulence modelling in order to confirm the results obtained herein.
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