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speed at which the wind turbine

¢ Rated Speed - | |
The rated speed is the minimum wind speed at which the wind turbine will generate 1t

- 25 mph. Rated speed for most machines 1s in the range of 25 to 35 mph. At wind speeds betw
and rated. the power output from a wind turbine increases as the wind increases. The output of m
machines levels off above the rated speed. Most manufacturers provide graphs. called "power cu

- showing how their wind turbine output varies with wind speed. ‘

d. Cut-out Speed —
At very high wind speeds. typically between 45 and 80 mph. most wind turbines cease power generati
and shut down. The wind speed at which shut down occurs is called the cut-out speed. or sometime
fnrling speed. Having a cut-out speed is a safety feature which protects the wind turbine from da:mag
~ Shut down may occur in one of several ways. In some machines an automatic brake is activated b}’fﬁ

speed sensor. Some machines twist or "pitch” the blades to spill the wind. Still others use "spoiler .

s mounted on the blades or the hub which are automatically activated by high rotor rpm's. or

hanically activated by a spring loaded device which tumns the machine sideways to the wi

1 wind turbine operation usually resumes when the wind drops back to a safe level.
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Steady wind speed (metres/second)

Figure 5.13 Wind speeds for a wind turbine
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HAWT are supplied by the 1

Turbine A

25m

38

90

98

| Capital cost i £99,000 £103,000

£4 000 £4 000

1. draw up a table for the performance of each turbine for wind speeds 4-12 m/s in mnte:

) - Assume the site wind availability to be 2000 hours per year. and average wind speec
 select the wind turbine which will be most economical. Assume life expectanc
years, and the unit cost of power to be 6 pence per kWh to remain constant. |




— ‘ W“i : LR,
(ifroime & e L
| Power (kW)=98713V* | Power(kW)=108.101V?

6918

23 450

55.348

R ol 1111 108.101

g | 170578 spiaiin

| Wbme B. produce more power

ual difference = (23.350-21.322)x2000 = 4056 kWh
ference over 20 years = 4056x0 06x20 = £4867

‘ e B is chosen even though it 1s £4000 more expensive to buy than A,
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i

locify of the wind and A = flow - swept area through which the wind
 rate of air 1s pAV. Hence the kinetic energy from equation (8.1) 1s

(8.2)

Note that this is the 1deal power available (Py). in the wind. Only a fraction of this power can actually be
extracted. because of losses that incurred in the energy conversion process. J

Useful power which can be extracted by the turbine rotor 1s given by multiplying the available power by a
coefficient of performance C, for the particular turbine. C;, has a maximum theoretical value of 0.593
(Betz® law). Other losses incurred 1n conversion through the gearbox and generator .

Thus the actual power output (Py,) of a wind turbine rotor 1s:
1 3
P = CP I r]Jgen I r'gb i E p AV (83)

Neen = generator efficiency (50% for car alternator. 80% or possibly more for a permanent magnet

generator or grid-connected induction generator)

Mg = gearbox / bearings efficiency (depends. could be as high as 95% if good)
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8.5 The Software Package

The aim of this study is to present a software package especially wrntten using the Microsoft Exce!
program for Windows. The user 1s able to use the availability of wind energy on a given site under

wind conditions in order to evaluate the pattern and amount of energy possible to collect at any time

during the year.
However. this software has the ability to examine any given site throughout the UK.

In this software package there is available a database, of seven (7) different manufacturers and twm
eight (28) different models of various sizes covering a wide range from 0.5 kW to 2500 kW. i

mally. the software package is quite friendly to the user because requires just 5 simple steﬂs
user can get the desirable output.




. sheet named ‘Help Menu'.
' the hub height h_In this software package there are available eight different vah:es

je h=10m. 20 m. 30m 40 m 50 m, 60 m. 70 m, 80 m.
Height requirements for medium and large wind turbines are 20 - 80 m_

Height requirements for small wind turbines are up to 20 m_
the name of the manufacturer
the name of the model

[ e PR

-

MR T s Coh sbwe s Tt Doldr: Wl Samnd T ity 1 Foww Cares £ Aerembommt | 011 Cli=
Semed

S ———

Figure 8.3: Main menu



" The ‘Rayleigh Distnibution’, [Figure 8 4] shows a graph of a mathematical distnbution calledM
distribution which resembles the distribution of different wind speeds throughout the year.

The ‘Wind Speed Frequency . [Figure 8.5] 1s showing the number of hours for which the wind blows at

different wind speeds, during a given period of time.

The ‘Power Curve . [Figure 8 6] displays the values of instantaneous power in [kW] given from

manufacturers for each model of the database of this software package.

The ‘Annual Energy Output . [Figure 8 7] graph displays values of energy m [kWh/yr] for all the wind

speeds in the range of 0 - 25 m/sec.
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wind speed [misec]

Figure 8.5: The ‘Wind speed frequency’ menu
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Figure 8.6: The 'Power curve’ menu
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Figure 8.7: The (A.E.O.) menu
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Figure 8.8: The ‘Wind speed vertical profile’
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