Introduction to renewable Energy (0611341)
مقدمة في الطاقة المتجددة
Chapter5- Wind Energy

1

2

3

4

5

6

7

Example. A propeller type wind turbine has the following data, wind speed = 16 m/s, air density =
1.226 kg/m3,, height of tower =100m, diameter of rotor (R) = 80m, wind velocity at the turbine
reduces by 15 %, Cp = 0.6, generator efficiency= 90%. Find(1) total power available in wind, (2)
power extracted by the turbine, (3) electrical power generated,
Solution:
V1 = 16 m/s, V2 = 0.85 * V1 = 0.85 * 16 = 13. 6 m/s.
A = π (R/2)2 = π (80/2)2 = 5* 103 m2
(1). The total power available in the wind Pw = 0.5* ρ * A* V13
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= 0.5 * 1.226* 5*103* (16)3 = 12.5 MW.
(2). Power extracted by the turbine= PT= Cp* Pw = 0.6* 12.5 = 7.5 MW.
(3). Electrical power generated = 0.9* 7.5= 6.75 MW

Horizontal Axis Rotors
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Horizontal axis wind turbines (HAWT) have their axis of rotation horizontal to the ground and
almost parallel to the wind stream. HAWT is the dominant design principle in wind energy
technology today. Horizontal axis machines have some distinct advantages such as low cut-in wind
speed and easy furling. They show relatively high power coefficient.
The generator and gearbox of these turbines are to be placed over the tower which makes its design
more complex and expensive. Another disadvantage is the need for the tail or yaw drive to orient
the turbine towards wind. Most of the present commercial turbines used for electricity generation
have three blades.

HAWT can be classified as upwind and downwind turbines.
 Upwind turbines have their rotors facing the wind directly. As the wind stream passes the rotor
first, they do not have the problem of tower shadow. However, yaw mechanism is essential for such
designs to keep the rotor always facing the wind.
 Downwind turbines are more flexible and
may not require a yaw mechanism. But, as the
rotors are placed at the lee side of the tower, there
may be uneven loading on the blades as it passes
through the shadow of the tower.
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 The efficiency with which a rotor can
extract power from the wind depends on the
dynamic matching between the rotor and the
wind stream. The performance of a wind rotor
is usually characterized by the variations in its
power coefficient with the tip speed ratio.
 As
both
these
parameters
are
dimensionless, the Cp- λ curve will represent
the rotor performance irrespective of the rotor
size and site parameters. In general, the power
coefficient of the turbine increases with the
tip speed ratio, reaches a maximum at a
typical λ, and then decreases with further
increase in the tip speed ratio.
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Wind Electrical System Turbine
The electrical system of a wind turbine includes components for converting mechanical energy into
electric power as well as the electrical auxiliaries and the entire control and supervisory system. In
a wind turbine, the actual mechanical-electrical energy converter is the generator, and it is the focal
point for all the preceding components in the functional chain.

Current wind turbines, therefore, have three-phase AC generators, or alternators, similar to those
used in conventional power plants.
 Wind turbines are current-generating power plants which must meet the requirements
concerning automatic operation, monitoring and safety.
 The quality of the electric current fed into the public utility grids is determined to a
considerable degree by the technical concept of the electrical system.
 Particularly in weak grids, grid reactions in the form of power and voltage fluctuations or
harmonics, are important criteria in the selection and design of the electrical system.
Electrical System of a Wind Turbine:
8. Reactive-power compensation.
1. Generator. 2. Inverter .
9. Electrical safety devices and lightning
3. Control and supervisory system.
protection
4. Power supply for the control system.
The world's largest wind farm was just
5. Medium-voltage distribution for the
completed in the Irish Sea, and it's more than
auxiliary services.
twice the size of Manhattan.
6. Power transmission. 7. Transformer.
The Walney extension opened lately with a generating capacity of 659 megawatts, and is located
between northern England and the Isle of Man. Its 87 turbines, which stand up to 640 feet tall, are
some of the world's biggest in operation. (Taller is generally better for harnessing the wind because
wind speeds tend to pick up as you get higher off the ground.)
 The first reliable information about the existence of windmills from historical sources originates

from the year 644 A.D. It tells of windmills from the Persian-Afghan border. A later description,
including a sketch, dates back to the year 945 and depicts a windmill with a vertical axis of
rotation. It was obviously used for milling grain.
 The windmill with a horizontal axis of rotation, which is the traditional windmill, was
probably invented in Europe independently of the vertical axis wind wheels of the Orient. The first
verifiable information has its origin in the year 1180 in the Duchy of Normandy. A so-called “post
or trestle mill” is supposed to have stood there. The entire millhouse rests and around which it
revolves is the main feature of the post windmill.
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 In Holland, several decisive improvements were made on windmills in the 16th century, leading
to a new type of mill, the so-called “ Dutch windmill”. The intention was to provide the mill with a
firm base in order to have better conditions for driving the various machines. It was an obvious
solution to build the entire millhouse as a fixed structure and to only allow the roof cap to rotate
with the wind wheel.
 Sometime later (1792), Meikles built the first windmills with so-called spring sails. The
sailcloth frames, which had to be reefed by hand by the miller when the wind was too strong, had
been replaced by sails with hinged shutters interconnected by an iron rod, which could be opened
and shut easily. Initially, the slats were made of wood, later of sheet metal.
 In about 1850, the mechanic Daniel Halladay from Connecticut found the firs solution,
Halladay said “I can invent a self-regulating windmill that will be safe from destruction in violent
windstorms. He designed a wind wheel the blades of which were not directly joined to the shaft, but
suspended loosely on a ring. In the following years, wind turbines were manufactured in ever
greater numbers by an ever increasing number of relatively small firms, especially the model
developed by Wheeler, which was built in numerous variants. By 1899, as many as 77 “windmill
factories” were counted.
 After the aerodynamicist Albert Betz had formulated the modern physical principles of windenergy conversion in 1920 and, moreover, modern airfoil designs had been developed in aircraft
engineering, Major Kurt Belau applied this knowledge to the design of windmills. In the early 19th
century, when windmill technology was reaching its peak in Europe, numerous windmills were also
built in the New World, mainly on the East Coast where the Dutch and British had their settlements.
Simultaneously, the great movement to the West started in the USA. By 1930 their number had
increased to almost 100 companies with a total of about 2300 employees. Also by 1930, more than
six million American wind turbines had been manufactured. The remaining stock is estimated to be
about 150 000 units in the USA today. Recently, several manufacturers have resumed production,
so that possibly their numbers are on the rise again.
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