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Can we capture all kinetic energy in the wind? I
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Can we capture all kinetic energy in the wind? I
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Bernoulli's principle n
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Conservation of mass




Conservation of energy




Betz Efficiency




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:
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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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TIdealized Power Curve X

Electric machines are limited by their power
rating.
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Impact of design parameters X

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

= First number: Power rating
» Second number: Rotor diameter
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Discrete Wind Histogram
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Wind Speed Probability Density Function I
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Weibull and Rayleigh Statistics
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Average Power in the Wind with Rayleigh Statistics I
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Estimating wind turbine energy production I
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Example (7.7 from Masters) X

21 MW Vo= 2TwA/S Vo= U ws Vo= 2075
Q) Vi by V>V,
\ .5 w5 P""’<V>ZD§2 |- Powlucan)
() '
fe(us3®) = |- Pl
= .%'(z%)', 0.00 14

- 0.\97
0. (@7[50 'Af‘/\/ear) g ez ODO“P‘{(%%O)

|714.| kf‘é/\,’mr 4%

4 Q«LI Mmf"’l::.




Example (7.7 from Masters)




