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Can we capture all kinetic energy in the wind?
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Can we capture all kinetic energy in the wind?

3

upstream :

2

downstream :&
d turbine : E

·Un
If Un = Vd

,
no energy harvesting

OLVd[Ve LVu
-

conservationof mass

↑- F pAdX Patwout in
i=pAdt

= min-mout
min-mout =O min=AirVin

if pis
at Pin Ain

Vin=PortAoutVout constant

- AinVin= BoutVout
um

dn0 for no mas an mass flow Volumetric

accumulation rate
flow rate



And
=+

T

Accumulation
m
mass flow
rate

=>
P PontAout Vout



Bernoulli’s principle
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- Restatement of conservation of Energy
* No loss in energy
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Conservation of mass
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Conservation of energy
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Betz Efficiency
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Tip Speed Ratio (TSR)

▪ Actual rotor efficiency will be less than the 
Betz limit

▪ For a given wind speed, efficiency is a function 
of the rotor rotational speed
▪ Spin too slowly, wind passes by without being 
“captured”

▪ Spin too quickly, blades cause wind turbulence which 
reduces the efficiency of the blades.

▪ Rotor efficiency can be expressed as a 
function of its Tip Speed Ratio:

(7.30)
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Tip Speed Ratio

▪ Optimal TSR for 2- and 3-blade modern 
turbines is in the 4-6 range.

Fig. 7.18
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Idealized Power Curve
Electric machines are limited by their power 
rating.

Figure 7.19
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Impact of design parameters

▪ Tradeoffs between rotor diameter and 
generator size (power rating)
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Real Power Curves

▪ First number: Power rating
▪ Second number: Rotor diameter

Figure 7.21
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Discrete Wind Histogram
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On average
,
how much energy could we expect to get out of

the turbine?
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Wind Speed Probability Density Function
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*Wind speed is continuous

Continuous Random Variable : probability density function
(PDF)

let x continuous random variable
It's PDF f(x)
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Weibull and Rayleigh Statistics
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Average Power in the Wind with Rayleigh Statistics
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Estimating wind turbine energy production
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Energy : power curve of the machine

and a statistical model of the wind

Wind speed Cummulative Distribution Function (CDF) X,fLxA

↳ X

probability that XX= F(x) = Sf(x)dx

AssumeRaleighd
-(2

F(u)= 1-e

f(x) F Prob(vLV) = 1- Prob(v)

- Prob(v>v.)=e)i I
--X



Example (7.7 from Masters)
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2 . 1 MW V=b. Im/s Vr= 11 m/s VE = 20m/s

(v) =Tm/s

b) V >Vf

VL3m/s
a) vV

= 0.197 I
Prob(V>20)= 1- Prob(uc20)

Prob(uce) = 13
=1 - f(20)

=(= 0.00164

# hrs= 0.00164(8700)
0
.
197 (8700 ur/year)

1714. 1 hrs/year
-Mahus/year

N 2
.4 months



Example (7.7 from Masters)
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