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Abstract - In view of the requirements to access the wind energy efficiently, a model of three bladed horizontal axis wind
turbine is to develop for its aerodynamic efficiency by considering an idealized wind turbine rotor. This study introduces
important concepts and illustrates the general behaviour of wind turbine rotors and the airflow around wind turbine
rotors. The analysis is also used to determine theoretical performance limits for wind turbines. This study includes increase
the power coefficient of horizontal axis wind turbine, to carry out performance analysis and power prediction of
horizontal axis wind turbine, Comparison of power prediction with an existing turbine.
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I.INTRODUCTION

About 70% of India's energy generation capacity is from fossil fuels with coal accounting for 40% of India's total energy
consumption followed by crude oil and natural gas at 24% and 6% respectively. India is largely dependent on fossil fuel imports
to meet its energy demands by 2030; India's dependence on energy imports is expected to exceed 53% of the country's total
energy consumption. In 2009-10, the country imported 159.26 million tonnes of crude oil which amount to 80% of its domestic
crude oil consumption and 31% of the country's total imports are oil imports. The growth of electricity generation in India has
been hindered by domestic coal shortages and as a consequence, India's coal imports for electricity generation increased by 18%
in 2010.

Wind energy is one of the most cost effective of all types of renewable energy. The wind velocity varies on a daily and hourly
basis, the maximum amount of power produced by a wind turbine at a given time cannot be controlled by the operator. This leads
to a different criterion for optimum design than that used for other equipment where the rate of electricity production can be
controlled up to the equipment maximum rating. However, to make wind a viable source of energy electricity in particular careful
design of wind-capturing machines is necessary. A variety of theories are used to create wind turbines that can efficiently capture
energy from the wind.

Power in the wind

The Kinetic energy of wind flow is applied on the wind turbines. Due to-this rotors of turbine reduce the wind velocity from the
undisturbed wind speed far in front of the rotor to a reduced air stream velocity behind the rotor. The velocity difference of wind
velocity is a measure for the extracted kinetic energy which turns the rotor connected to the electrical generator.

The total power of a wind stream is equal to the rate of the incoming kinetic energy of the stream,

P = total power, W

M = mass flow rate, kg/s

V = incoming wind velocity, m/s

The mass flow rate is given by the continuity equation

m = pAV ..... 1.2
0 = wind density, kg/m*

A= cross-section area of stream, m®
Then equation 1 becomes

Thus the total power of a wind stream is directly proportional to its density, area, and the cube of its velocity.
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II. METHODOLOGY

Blade Element-Momentum Theory

Blade Element Momentum Theory of depending on the axial and tangential induction factors by equating the torque and force
relations derived from each blade element and momentum theories [1]. In the Theory of momentum, the model of flow around a
wind turbine can be express by actuator disc. The theory use is homogeneous, steady, uniform, incompressible flow; wake is use
for Basic assumptions is assumed non-rotating and turbulence effects are assumed unimportant. Across the section the total mass
flow rate per unit time is also assumed to be constant [2].

Corrections used in BEM Theory

Blade Element Momentum Theory is a simple theory which is based on some small assumptions. To compensate for certain
inaccuracies some corrections are usually applied. These corrections are the tip loss corrections and turbulent wake correction.
Basically, when the turbulence effects become strong, induction factors are evaluated with a modified formula. In addition,
Prantl’s tip loss model is applied on the blade for to the loading distribution for the tip loss correction [2].

Prandtl tip-loss factor is given by the following equation [2.4, 2.5]

[Da-p

T
F=2cos™!|e [FS‘““’
T

In the theory of Blade Element, we divide the blade into several elements and in each element it is assumed that the performance
of the overall blade can be derived from the 2D airfoil which is used at that section by integrating it throughout the blade. Using
the induction factor definitions, conservation of angular momentum and conservation of linear momentum equations are derived
from blade element and momentum theories separately. The detailed derivations and explanations may be found in [3, 5]. Hence,
in the theory of Blade Element Momentum (BEM), a, a’ and o are given by:
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To find out the maximum power coefficient for a selected airfoil type, dividing the blade length into n-elements, the speed ratio of
local tip for each blade element can then be calculated with the use of following equation [2.5]:

Local Tip Speed Ratio

Ari = M1y /R)------- 25

Optimum Relative wind for each blade element

1
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Tip loss factor for each blade element
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Twist distribution:
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Chord length distribution:
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Power coefficient
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I1l. AIRFOIL DATABASE

In the blade design procedure and efficiency prediction analysis, airfoil force coefficient information from different airfoils is
needed. In the analysis, different airfoils and airfoil families are included. An airfoil database is set up for this purpose. This
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airfoil database consists of many airfoils or airfoil families designed for wind turbines or used in wind turbine applications [6, 7
and 8].

In the database, lift and drag coefficients for a range of angle of attack values and at low Reynolds numbers are used. One
property of this database is that the only force coefficients produced in wind tunnel tests are used for each airfoil. The main goal
of this criterion is to perform BEM theory analysis more accurately. By keeping 2D section data accuracy of a wind turbine blade
as close to real as possible, wind turbine performances are predicted as accurate as possible.

The application of the BEM method with this concept is shown during the validation of BEM analysis. Main properties of airfoils
used in the database. Eleven airfoil found in the literature is used in the database.
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Fig.—1

IV.COMPUTER PROGRAM:

As it was stated before, the main objective of aerodynamic design is to develop a high efficiency horizontal axis wind turbine
rotor. Applying the design procedure explained a computer program is written in C# language using .Net framework-4 to estimate
the efficiency if wind turbine of the various airfoil profiles. C# language is intended to be a simple, modern, general-purpose,
object-oriented programming language. C# applications are intended to be economical with regard to memory and processing
power requirements, the language was not intended to compete directly on performance and size with “C” or assembly language.
A detailed flow chart of the program is given in Figure 2. The program take airfoil data, no of blades, radius of rotor, density of
air, no of blade elements and cut-out wind velocity as input. After calculation aerodynamic characteristic of different airfoil
blades are plotted as output. In the blade design, same airfoils are taken from root to tip section. For comparing the characteristic
of airfoils, blade length taken as 21 m.
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INPUT DATA FOR PROGRAM l
Airfoil Wind Speed | Rotor radius | No of blade Density of air | Cut out Wind Velocity | No of Blade element
Data File
CALCULATIONS OF PROGRAM I ll
import airfoil Data }ﬁ{ Calc.min Glide Ratio '::;[ find a, & C, design }:3 Calculate following parameter
for each Blade element A, ¢, F,
& at different tip speed ratio
[
Calculate C, at @ Find Design tip ﬂ Calculate following Plot the following graphs:
different tip speed Ratio parameter for each — a. avs Glide Ratio
Blade element A_ ¢, F, $, b. e vs Radial location
e at different tip speed ¢. ¢/Rvs Radial
Calculate power Calculate following U
coefficient for each |« parameter for each Blade Modify the Blade
blade element 3 elementA ¢, F, ¢, a afor | Geometrv
using following modify blade geometry
Take the initial :9 Calculate the :3 Find C, & C; for
valueof F,. &.a, 2" angle of attack a selection air foil
Calculate local thrust <::,'
coefficient C.,
I if C,<0.96 | l If C;<0.96 l
9
Upd: Uod: Ir‘
abv(3) abv(a) abv(?)
| calcutate (3 pam-d) & (3" cpamea) |
Repeat process for
Indiff.<o.01 I Ilfdiﬂ.>o.01 I each blade
Take the update a Continue iteration by
& 2" as final value replacing initial value
Output of program ﬁ
Plot the Curve for different airfoil: 1. Power coefficient vs Wind speed. 2. Modified twist vs Radial location,
3. Modified chord distribution vs Radial location. 4. Power generation vs Wind speed

Fig. - 2
V.RESULTS
1. Variation of power coefficient with tip speed ratio (Cp vs 1)
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Fig.-3
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Power coefficient increases accordingly as tip speed ratio increases but as certain limit excides it goes on decreasing for all the
airfoil. Tip speed ratio at which power coefficient is maximum is called design tip speed ratio.
2. Variation of twist angle with radial location (6 vs r/R)
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There is decrease in twisting angle from root to tip and negative nearby tip-section.

3. Variation of modified chord distribution with radial location (c/R vs t/R)
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Chord has modified for enhancing the aerodynamic property of blade and makes the chord distribution linear.
4. Variation of modified twist angle with radial location (modified 0 vs r/R)
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This modification has been executed so that twist allocation of the modified blade has been linearized. Also at some distance from
blade root the twist becomes negative which commonly causes the blade elements from this distance to blade tip to be stalled. To
prevent these blade elements from being in stall region, their twist values are set to zero.

5. Variation of power generated with wind velocity (P vs U)
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Fig.-7
Along with wind speed power also increases and maximum at nominal wind velocity 14 m/sec and maximum power generated by
S-8052 airfoil.

V1. CONCLUSION

In this paper a computer program has been used for investigation of aerodynamics of various airfoils. We have take the 12 airfoils
data for 21 m length of blade out of which S-8052 airfoil has created maximum power at nominal wind speed. This program can
be used for any number of airfoils.

VII. NOMENCLATURE

Cp: power coefficient of wind turbine rotor
Cpmax. maximum rotor power coefficient
Cq: thrust coefficient of wind turbine rotor
P: power output from wind turbine rotor
m: air mass flow rate through rotor plane
U..: free stream velocity of wind

U, relative wind velocity

Ur: uniform wind velocity at rotor plane
A: area of wind turbine rotor

R: radius of wind turbine rotor

r: radial coordinate at rotor plane

r - blade radius for the i blade element
T: rotor thrust

Q: rotor torque

C p: drag coefficient of an airfoil

C .: lift coefficient of an airfoil

F: tip-loss factor

F i: tip-loss factor for the i blade element
N: number of blade elements

B: number of blades of a rotor

a: axial induction factor at rotor plane

a’: angular induction factor

\: tip-speed ratio of rotor

A ¢: design tip-speed ratio

A+ : local tip-speed ratio

A ri: local tip-speed ratio for the i"" blade element
c: blade chord length

ci: blade chord length for the i" blade element
p: air density

a: angle of attack

0 gesign: design angle of attack

0: pitch angle (blade setting angle)

0;: pitch angle for the i"" blade element

¢ opt: OPtimum relative wind angle

o: solidity ratio

v: kinematic viscosity of air

v: glide ratio

Re: Reynolds number

HAWT : horizontal-axis wind turbine
BEM: blade element-momentum
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TSR: Tip-Speed Ratio
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