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Introduction

Carbon-free & pollution-free energy

Wind power could produce globally 10~20% of the electric energy currently
used

20% of Demark’s electricity is currently generated by the wind

The modern wind turbine is some hundred times more powerful than the
traditional windmills
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1. Source of wind energy

The original source of wind energy is the radiation from the Sun— absorbed by
the land & sea, which in turn heat the surrounding air)

Materials absorb radiation differently so temperature gradients arise causing
convection and pressure change, which result in winds

Off-shore night-time wind found on coasts, caused by the sea retaining the heat
from the Sun better than the land

On a global scale, the higher intensity of solar radiation at the equator than
elsewhere causes warm air to rise up from the equator and cooler air to flow
in from north and south

An enormous amount of power resides in the winds as about 1-2% of the
incident solar power of 1.37 kW/m? is converted into winds

Earth radius ~6000 km — cross-sectional area receiving solar radiation ~10%4 m?
— the power in the winds ~10° W



~10% W wind power: 100 times the total global power usage — the wind is a
diffuse source and it is only practical to harness a very small fraction of this
amount

Wind are variable both in time and in location, with some parts of the world
exposed to frequent high winds and some to almost no wind

2. Global wind patterns

The higher intensity of solar radiation at the equator would set up a north-south
convective flow of air if the Earth were not rotating — the Earth’s rotation
causes a point to have a velocity towards the east that is highest at the
equator, decreasing towards the poles

Three regions in each hemisphere “cell”: Hadley cell (nearest the equator),
Ferrel cell (mid-lattitude), polar cell. The winds are generally weak in the
regions between cells



Simplified map (without consideration of oceans and continents)
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A: Tropopause in archic zone
B: Tropopause in temperate zone
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Simplified map (without consideration of oceans and continents)
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B 5.0-55m/sec
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History of wind power

Windmills ((a) Persian vertical axis, (b) tower-mill)
(a)

Coal power steam s & &tAl 0] 0|=3

19308 L &I 2= HE AtetE

1960 M| 4&t= 2SF wind turbine JHE Al
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Wind



3. Modern wind turbines

Vast majority of current designs

) . : Gearbox
— horizontal-axis wind turbines Bt
(HAWTS) Generator
Tower Control unit\k\* l / Hub
Nacelle (an enclosure): <)
Bearings for the turbine shaft, e ad
The gearbox, Nacelle i
The generator Yaw mechanism B .
Wind turbine blades: three or two
Yaw control (into the wind) Tower

Modern 5 MW horizontal-axis wind turbine



Vertical-axis wind turbines (VAWTS): Darrieus design (Figure) — no yaw mechanism
required, easier maintenance since the gearbox and generator are situated at ground

level. Less cost-effective (supporting cable required (height limitation, not for strong
wind, more robust construction for greater gearbox torques than HAWT)

Supporting cable
\
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Rotor blade
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Gearbox and generator
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4. Kinetic energy of wind

The energy of wind is in the form of Kinetic energy

For wind speed u, air density p, the energy density E (energy per unit volume)
E =% pu?

The air volume = uA (A: cross-sectional area)

Kinetic energy of the volume of air flowing per second (power), P = EUA
P =1 ApuB

Power in the wind varies as the cube of the wind speed u

e.g.o.1



5. Principles of a horizontal-axis wind turbine

Not all the power in the wind can be extracted by a wind turbine (because of
downstream to maintain air flow) — theoretical maximum efficiency of 59% (Betz

limit)
The maximum power is generated when downstream of the turbine the wind speed
Is 1/3 of the upstream speed u, and at the turbine the wind speed is 2/3 of u, —

U, = 1/3 uy and ul = 2/3 u,
— power P =" pA,(16/27)u,®> (page 106)

The power through A, with a speed u,: PW = % pA,u,®

The fraction of the power extracted by the turbine (‘power coefficient’, C;)
Cp = P/[1/2 pug®A,] or P =% Copug®A,

Cp = (16/27)% ~ 59% Betz or Lanchester-Betz limit

Upstream

Turbine

Downstream



6. Wind turbine blade design
Table 5.1 (page 110): radius, width, angle...

Tip-speed ratio(A): the ratio of the speed of the blade at the tip (v;,) to the speed of
the incident wind (Up) — A = V/ug




7. Dependence of the power coefficient C; on the tip-speed ratio A

Maximum efficiency at A ~ 10
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7. Design of a modern horizontal-axis wind turbine
Modern turbine design with A of 6- to give a higher power efficiency C;
Larger A means a higher shaft speed, smaller width blades, less blade

material....— in practice these considerations have tended to favor the
maximum size possible, which is ~5 MW (2005).



	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27

