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Wind energy, the world's fastest growing energy source, is a clean and renewable source of energy that has

been in use for centuries in Europe and more recently in the United States and other nations.

INTRODUCTION 

And todays world wind is one of the cheapest and cleanest energy source.
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The use of wind as an energy source begins in antiquity.

Vertical-axis windmills for grinding grain were reported in

Persia in the tenth century and in China in the thirteenth

century. At one time wind was a major source of energy

for transportation (sailboats), grinding grain, and pumping

water. Windmills, along with water mills, were the largest

power sources before the invention of the steam engine.

Windmills, numbering in the thousands, for grinding grain

and pumping drainage water were common across Europe,

and some windmills were even used for industrial

purposes, such as sawing wood.

HISTORY
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Brief History - Rise of Wind Powered Electricity

1888: Charles Brush builds first large-size wind

electricity generation turbine (17 m diameter

wind rose configuration, 12 kW generator)

1890s: Lewis Electric Company of New York

sells generators to retrofit onto existing wind mills

1920s-1950s: Propeller-type 2&3 blade

horizontal-axis wind electricity conversion

systems (WECS)

1940s – 1960s: Rural Electrification in US and

Europe leads to decline in WECS use



7

 By the 13th century, grain grinding mills were popular in most of Europe

 The era of wind electric generators began close to 1900’s.

 The first modern wind turbine, specifically designed for electricity generation, was constructed

in Denmark in 1890.

 The first utility-scale system was installed in Russia in 1931.

 A significant development in large-scale systems was the 1250 kW turbine fabricated by Palmer C. Putman.
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USE OF WIND TRIBUNE

 Electricity for homes and farms

 Electricity for communities

 Electricity in industry

 Supplying electricity for a nation

 Remote communities
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Advantages & Disadvantages of Wind Energy

Advantages

 Wind Energy Is Renewable & Sustainable

 It Reduces Fossil Fuel Consumption

 Wind Energy is Free

 Both Industrial & Domestic Wind Turbines Are Available

 Wind Energy Can Provide Power to Remote Locations

 Wind Technology is Becoming Cheaper

 Wind creates jobs
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Disadvantages

 Wind Turbines Are Expensive

 Wind Turbines Pose a Threat to Wildlife

 Wind Turbines Are Noisy

 Wind Turbines Create Visual Pollution



Wind is simply air in motion. It is caused by the uneven heating of the earth's surface by the sun.

Since the earth's surface is made up of land, desert, water, and forest areas, the surface absorbs

the sun's radiation differently.
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Types of Wind
• Planetary circulations:

– Jet stream

– Trade winds

– Polar jets

• Geostrophic winds

• Thermal winds

• Gradient winds

• Katabatic / Anabatic winds – topographic winds

• Bora / Foehn / Chinook – downslope wind storms

• Sea Breeze / Land Breeze

• Convective storms / Downdrafts

• Hurricanes/ Typhoons

• Tornadoes

• Gusts

• Nocturnal Jets

• Atmospheric Waves
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WIND ENERGY IN TURKEY

Turkish wind energy association was founded in 1992. by the help of energy ministry first turbines built at İzmir-

Çeşme-Alaçatı by Ares –Güç Birliği co. This turbines produces 7,2 MW energy. In the same years Demirer Holding built

turbines at Çanakkale-Bozcaada which produces 10,2 MW. Today working is still going on to built new turbines at İzmir-

Çeşme, Çanakkale- Karacaören, Muğla–Datça, Balıkesir- Bandırma.
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Turbines can be categorized into two overarching classes based on the orientation of the rotor

WIND TURBINE CONFIGURATIONS 
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Types of Wind Turbine Generators 

1. Horizontal Axis
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2.Vertical Axis
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Today there are various types of wind turbines in operation. The most common device is the horizontal-axis

wind turbine. This turbine consists of only a few aerodynamically optimised rotor blades, which for the

purpose of regulation usually can be tumbled about their long axis (Pitch-regulation). A another type of turbine

is known as DARRIEUS a vertical-axis construction. Their advantage is that they do not depend on the

direction of the wind. To start, they need the help of a generator working as motor or the help of an SAVONIUS

rotor in-stalled on top of the vertical axis.
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The kinetic energy of the moving air mass is:

Rotor swept area A= π r2

Cylindrical mass of air of length Δx

End cap are

Air density

A

ρ
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Power in The Wind

The moving molecules of air have kinetic energy, so locally the amount of air molecules moving across some area during

some time period determines the power. This area is not the surface area of the earth, which was referred to in the

estimation of extractable power and energy, but the area perpendicular to the wind flow. The mass, m, in the volume of

the cylinder that will pass across the area, A, in time, t, can be determined from the density of the air, l, and the volume

of the cylinder, V. The power is the kinetic energy (KE) of the air molecules divided by the time:

P= KE/t =0.5 m v2/t

ρ = m/V

V = area x length = A x L

m =ρ. V =ρ. A . L
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Only those molecules with a velocity, v = L /t , will cross the area in time, t, and those further to the left will not, so the 

power is given by 

The power/area, referred to as wind power potential or wind power density, is:
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Since Δx = vΔt and the power may be written as p = ΔE/Δt, we find for the power incident on area A as

When the wind is incident on a turbine, only a fraction of this power CP , known as the power coefficient, is extracted 

by the turbine. Thus, we may write with complete generality for the extracted power:

The wind does depend not only on the power for the average wind speed but also on the nature of its

variation in time. Fortunately, while the wind speed may vary in an unpredictable manner from moment to

moment, the distribution in wind speeds over a long period does follow a regular pattern.
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The symbol ∞ refers to conditions far upstream, d refers to 

conditions at the disc and w refers to conditions in the far wake.

A wind turbine is a device for extracting kinetic energy

from the wind. The affected mass of air remains separate

from the air which does not pass through the rotor disc

and does not slow down a boundary surface can be drawn

containing the affected air mass and this boundary can be

extended upstream as well as downstream forming a long

stream-tube of circular cross section.
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A , the rotor area, and the free stream velocity U, is replaced by U . Wind turbine rotor performance is usually 

characterized by its power coefficient , CP : 

Betz limit

The Betz limit is the theoretical maximum efficiency for a wind turbine, conjectured by German physicist Albert Betz

in 1919. Betz concluded that this value is 59.3%, meaning that at most only 59.3% of the kinetic energy from wind

can be used to spin the turbine and generate electricity. In reality, turbines can not reach the Betz limit, and common

efficiencies are in the 35-45% range.
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The Betz limit, CP, max = 16/27,

is the maximum theoretically possible rotor power coefficient.

In practice three effects lead to a decrease in the maximum

achievable power coefficient:

• Rotation of the wake behind the rotor

• Finite number of blades and associated tip losses

• Non-zero aerodynamic drag
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Constant Rotational Speed Operation

The majority of wind turbines currently installed generate

electricity. Whether or not these turbines are grid

connected they need to produce an electricity supply

which is of constant frequency or else many common

appliances will not function properly. Consequently, the

most common mode of operation for a wind turbine is

constant rotational speed. Connected to the grid a constant

speed turbine is automatically controlled whereas a stand-

alone machine needs to have speed control and a means of

dumping excess power.
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If a low rotation speed is used the power reaches a maximum at

a low wind speed and consequently it is very low. To extract

energy at wind speeds higher than the stall peak the turbine

must operate in a stalled condition and so is very inefficient.

Conversely, a turbine operating at a high speed will extract a

great deal of power at high wind speeds but at moderate wind

speeds it will be operating inefficiently because of the high drag

losses.
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Variable Speed Operation

By interposing a frequency converter between the generator and the network, it is possible to decouple the

rotational speed from the network frequency. As well as allowing the rotor speed to vary, this also allows the

generator air-gap torque to be controlled.

Variable-speed operation has a number of advantages:

Below rated wind speed, the rotor speed can be made to vary with wind speed to maintain peak aerodynamic

efficiency

The reduced rotor speed in low winds results in a significant reduction in aerodynamically-generated acoustic noise –

noise is especially important in low winds, where ambient wind noise is less effective at masking the turbine noise;
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 The rotor can act as a flywheel, smoothing out aerodynamic torque fluctuations before they enter

the drive train – this is particularly important at the blade passing frequency;

 Direct control of the air-gap torque allows gearbox torque variations above the mean rated level to

be kept very small;

 Both active and reactive power can be controlled, so that unity power factor can be maintained. It

is even possible to use a variable speed wind farm as a source of reactive power to compensate for

the poor power factor of other consumers on the network; variable speed turbines will also

produce a much lower level of electrical flicker.
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