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ABSTRACT

This work is devoted to the analysis of turbule i ispvind turbine.

Here, A two dimensional S809 airfoil wit

through mathematical calculations was desi i S809 airfoil which is a 21%
It is developed for stall-
tained maximum lift with

gle of attack of five and wind
viscosity ratio of the airfoils were

axis wind turbine; Turbulence viscosity;

Is the set of seemingly random and continuously changing air motions
that are superimpose e wind’s average motion. Atmospheric turbulence impacts wind
energy in several waysy specifically through power performance effects, impacts on turbine
loads, fatigue and wake effects, and noise propagation. In the wind energy industry, turbulence is
quantified with a metric called turbulence intensity the standard deviation of the horizontal wind
speed divided by the average wind speed over some time period, typically 10 minutes. If the
wind fluctuates rapidly, then the turbulence intensity will be high. Conversely, steady winds have
lower turbulence intensity. S Khelladi [1] reference studying the aerodynamics of the wind
turbine side in a controlled environment without any uncertainties due to atmospheric
phenomena gives Power performance, Aerodynamic analysis and stress tensor ad the equations

148

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




International Journal of Research in Science and Technology http://www.ijrst.com

(RST) 2016, Vol. No. 6, Issue No. I, Jan-Mar e-1SSN: 2249-0604; p-1SSN: 2454-180X

for solving the incompressible flow and equation of vortices also studied. A. Honrubia [2] in his
studies measurement taken from June to august 2009 in the south of Spain where a complex
terrain is found. The wind profile has been recorded to study the effect of the atmospheric
conditions over the energy generated by a wind turbine. A cup anemometer and LIDAR
equipment is used to predict the turbulence. Chia-RenChun [3] investigated the effects of
ambient turbulence on the wake flows and power production of a horizontal-axis wind turbine.
Based on the measured data, prediction models for the centerline velocity deficit, turbulence

e slightly higher than that in
st data for the aerodynamic

large integral scale on the aerodynamic perfor
at low Reynolds number. Ali M.Abdelsalam J6] work was the study of the characteristics
in the near and far wake region of a horizont IS wi i ith an exaCt representation of
the rotor blades. The result showed the experimental data.
rge farms introduces that a
reduced power production
daptive neuro-fuzzy inference
system is designed ad 3 ] ime a wind farm. Zifeng Yang [8]
conducted an experi h amic wind loads and evolution of the
turbulent vortex a

phenomenon for energy recovery in a wind farm and for the
he stream wise development of the wake velocity, pressure
determined. Hsiao Mun Lee [10] In his presentation, the

Velocimetry on a mo e rotating blade of a 5SKW horizontal axis wind turbine to study the
stall delay phenomenongt two different global tip speed ratios of 3 and 5

THE MATHEMATICAL MODEL

The mathematical model implemented in this work for the fluid dynamics design of a wind
turbine is based on the BEM theory. By applying the momentum and angular momentum
conservation equations, it is possible to obtain the forces acting on the blades, and so the torque
and power at the rotor shaft. The wind turbine with (N) number of blades with a tip radius (R)
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and chord (c) is considered. Assuming that the blades are rotating at an angular velocity of Q,
Let U be wind the speed and angle ¢ is the angle between the relative wind speed and the plane
of rotation.

L cos ¢ + Dsing
Qr(l+a)

//f ‘q,\« 8

L sing —D cos ¢

Fig 1. Velocities on blade element (Fig 2. Fo n blade element

Velocity vector is represented in figure 1 as,

Up=Uwx (l—a)
Ur=0(1+a’)

Where,a=Axial velocity of the wind

(3)

velocity and is g

()

The lift and drag forces"acting on the aerofoil as depicted is broken down into two components.
The first component is the force in the plane of rotation and the other being the force
perpendicular to the plane of rotation. The forces in the plane of rotation yield the torque on the
turbine and the forces perpendicular to the plane of rotation will result in thrust.
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BLADE GEOMETRY

Using a mathematical model the performance of a wind turbine is evaluated with the
following characteristics: Three-blade rotor, wind velocity of 8 m/s and blade external radius of
3m. The S809 aerodynamic cross-section profiles are considered for this proposed work. The
chord, twist angle and in flow angle is shown from Figs. 4 - 6. The blade specifications at
various sections are given in Table 1. Using this data, the blade was designed in the designing
software CREO using the calculated parameters. CREO design
design for discrete manufacturers and is developed by PTC. Ai with varying chord length
can be designed to create wind turbine blade. Unlike other ing software, the airfoil co

7

'R

=
=]

Twist angle
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Fig.5. Twist angle distribution

In flow angle

Table 1: Design Data
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COMPUTATIONAL FLOW ANALYSIS FOR TURBULENCE:

The CFD analysis of airfoil S809 is performed for a velocity of 8 m/s at angles of attack of
five. ANSYS is used to mesh the airfoil, which is designed in CREO and exported to FLUENT
for analysis. Inlet velocity for the experiments and simulations is 8 m/sec and turbulence
viscosity ratio is 10. A fully turbulent flow solution was used in ANSYS FLUENT, where
SpalarteAllmaras equation was used for turbulent viscosity. A simple solver was utilized and the
operating pressure was set to zero. Calculations were done for the “lifi€ar” region, i.e. for angles
of attack 5 degrees.

Nov 25, 2015
ANSYS Fluent 14.5 (2d, phns, lam)

FMgeometry W I

MNov 26, 2015
ANSYS Fluent 14.5 (2d, pbns, lam)

. 8. Meshed geometry of middle airfoil

RESULTS AND DISCUSSION

The majority of flows encountered in real life are turbulent in nature. Turbulence flow
is an unsteady periodic motion in which the velocity components in all three directions fluctuate
and as a result, there is a significant change in mass and momentum interchange that takes place
between each neighboring layers of fluid. The motion of a turbulence flow is predominantly
rotational which the viscous effects of boundaries and the separation of fluid from the surface
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produce. From the experimental analysis from figure 10, when the position increases the
turbulent viscosity increases. Figure 11, shows the variation of effective viscosity with respect to
change in position. In figure 12 shows that in most of the cases when the position increases,
turbulence rate also increases. In tip, the turbulence level increases compared to other two. This
is shown in figure 13-15. Due to vortices around the tip, the turbulence level increases. Middle
airfoil result shows the turbulence level in between the other two, which is shown in figure 16-
18. From the results obtained, it can be understood that the turbulence level in tip airfoil is higher
compared to the rest of two.

1: Turbulent Viscosity v 1: Effective Viscosity
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Fig. 11. Turbulence Viscosity ratio piot of root airfoil Fig. 12. Turbulence viscosity plot of
middle airfoil
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A , z 3: Turbulent Viscosity Ratio  ~
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Fig. 13. Effective viscosity plot of middle airfoil Fig. 1 e viscosity ratio plot of

middle airfoil
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Fig.15. Turbulence vis;Mf tipm.lagf&tive viscosity plot of tip airfoil
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. Turbulence viscosity ratio plot of tip airfoil

CONCLUSIONS

In this project, for analyzing the turbulence over a 5KW horizontal axis wind turbine, the
S809 airfoil for the desired wind turbine has been selected and designed. The modification factor
and models were also combined into the BEM theory to predict the blade performance and there
is a good comparison of radius ratio and various angles in each section between the improved
BEM theory and numerical simulation. Turbulence analysis has been carried out for a three
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different chord length of a selected airfoil by predicting turbulence viscosity, effective viscosity
and turbulence viscosity ratio. The motion of a turbulence flow is predominantly rotational
which the viscous effects of boundaries and the separation of fluid from the surface produce. Due
to the irregularity nature of turbulent flows which makes the flow increasingly complex, a
modeling approach using the Spalart-Allmaras in an attempt to describe the flow behavior of
turbulent flows. This model does have the capability to accurately predict the flow fields of shear
flow and separated flow. Thus, the overall analysis shows, the tip i.e. low chord airfoil
experience more turbulence compared to other two. Due to more t nce, the co efficient of
lift of the tip airfoil is decreased than others are.
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