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What is wind? @ Atmosphere

Effects of pressure and density
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What is wind?

@ Atmosphere

Origin of wind (in the troposhere) SHIZ
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What is wind? @ Atmosphere
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What is wind? Q Need for predictions

Global winds -
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What is wind? | Yw E/iv Wind measurements
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Wind to power

Measuring wind
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Occurance [%]

What is wind? & Onshore vs offshore

Onshore wind vs offshore wind
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What is wind? & Onshore vs offshore

Onshore wind vs offshore wind
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What is wind? | i Wind speed vs wind power

Wind speed to wind power
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Wind to power
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Catching the wind

How to catch the wind

Drag turbine
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From wind to torque

Aerodynamic lift

Voo

6-11-2018

en,
21

Flow to force

O 0
2

AA

==

DE OUDE
BIBLIOTHEEK
ACADEMY

[

16



’El;--x\
Wind to power ’4\} Angle of attack

Velocity variation

Vtip = WR
Max tip speed? w/
AO
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é—:\;
Wind to power ’4\} Angle of attack

Velocity triangle

e Optimal angle of attack vs angle of incoming air speed

Near the blade root:

Near the blade tip:
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Wind to power _E-'_O\g Betz limit

Finding the optimum operating point
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Wind to power

Betz limit
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¥9ind farm layout

a__ Wake effects

Momentum Theorem

Three basic equations:
1. The continuity equation:
2. Conservation of momentum:

massflow=rho i*A_i*u_i=rho d*A d*u d=rho w*A w*u w
F = mass flow x velocity difference = dp * A_d =rho*A_d*u_dx (u_i—u_w)=rho*A_i*u_ix (u_i—u_w)

3. Bernoulli’sequationfordynamicpressure p_tot=p_static+ 0.5*rho*v/2

Key assumption: air is incompressible = rho = constant

Solution:
dp =(p2-p1) =0.5*rho*(u_i "2— u_w”2) =rho*u_dx (u_i—u_w) 2> ud=05*u_i+uw)
Trick: ud=u_i?*(1-a) > uw=u_i*(1-2a)
here: a =induction factor, value between 0 and 1
Cp = Power rotor/Power wind = Force disc * velocity at disc / 0.5*rho*A_d*u_i"3
=rho*u_ dx (u_i—u_ w) *A _d*vd /0.5*rho*A_d*u_i"3
=2*%y d"2 x(u_i-u w)/u_i*3
Apply trick - = 4a*(1-a)"2

When is Cp greatest?
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From wind to torque E_O\,__—_: Betz limit
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Power [kW]

From wind to torque \j Pitch & safety
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Power [kW]

From wind to torque \j Pitch & safety
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Wind to power \,] Pitch & safety
Wind turbine disaster

* Hornslet wind farm Denmark, February 22, 2008
* Vestas Nordtank NKT 600-180/4

* Faulty braking system

* >5times allowed rpm

 Blade fracture causes imbalance

6-11-2018

]

/|
0

o |00
n

= =|| Pz
||
DE OUDE

BIBLIOTHEEK
ACADEMY

[

33



Wind to power \\Lj

Safety: cut out speed
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Wind to power \\Lj

Safety: cut out speed
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Wind to power \\Lj

Safety: cut out speed
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Pitch & safety
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Wind to power \\Lj

Safety: cut out speed
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Wind to power \\Lj

Safety: cut out speed
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Pitch & safety
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Wind to power \\Lj

Safety: cut out speed
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Pitch & safety
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Wind to power

The movie
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Design considerations H|<
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ACADEMY

1. Airfoil shape

2. Blade twist
3. Number of blades vs rotation speed
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