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Answer ALL FOUR questions.
Each question carries a total of 25 marks.

Any university-approved calculator is permitted.

1.  The figure below shows a Weibull distribution.
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a) For how many hours per year is the wind between 6 m/s and 8 m/s?  [3 marks]

b) The wind speeds of part a) are at 30 metres height. Convert the
6 m/s and 8 m/s to 80 metres height, using the log law

_ In(z/z,)
u(z) = u(z) @/20)
with a surface roughness length of 0.5 metres. [3 marks]
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d)

Use the power curve below to estimate the annual energy electricity

yield for the hours identified in part a). [4 marks]

3000

/V
~ //
2 2000 i
T /
s /
0 /
Q@ 1000 i
0
0 S 10 15 20 25 30
Wind speed (m/s)

Combination of the whole of the Weibull distribution with the whole
of the turbine power curve provides a first estimate of electricity
yield.

List reasons that the electrical energy actually exported to the grid
may differ. [15 marks]
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a) A 15 MW turbine is operating at 7.4 rpm. The profile of a blade at
96 metres radius is shown below, along with graphs of its lift and
drag coefficients.
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Air density may be taken as p = 1.225 kgm ™3

The thrust on an annular ring containing elements of N blades is

8T = (8L cos¢p +8D singp) X N

The torque on an annular ring containing elements of N blades is

8Q = (8Lsingp =D cos¢p) X N X r
i. State the angle of attack in degrees. [1 mark]
i.  Estimate the lift and drag coefficients from the graphs. [2 marks]

iii.  Estimate the lift and drag forces on a blade element from 95 m
to 97 m radius. [6 marks]

iv. Estimate the thrust, torque and power due to that one blade
element. [8 marks]

The Betz limit is given by:

power  2pApUia(l —a)?

Cp=171 1 = 4a(1 — a)?
ijogoAD QPUO%AD
which has a maximum at a = § giving Cp max = g
Account for the other 11/27. [8 marks]

Hint: The 11/27 may be accounted for in more than one place.

Also: The mass flow rate remains constant all along the streamtube
and so pAooUoo = pADUD = PAWUW
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Variable speed wind turbines require power-electronic converters,

which are expensive.

Briefly explain a secondary benefit.

Fully explain the main benefit provided by variable speed. [10 marks]

[5 marks]

The Campbell diagram below suggests there may be a problem with
the design of a large wind turbine.
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Identify and fully explain the possible problem. [5 marks]

Suggest how the problem might be mitigated, making
reference to the concepts of “soft” and “soft-soft”. [5 marks]
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Explain how ice can be a safety concern with wind turbines and how
the risk can be managed. [8 marks]

Explain what is meant by shadow flicker, and describe how it can be
managed during both the design and operational phases of a wind
farm. [8 marks]

Explain why detailed and accurate knowledge of the seabed is
critical to the financial success of an offshore wind farm
development. [9 marks]

Murray Thomson
Tom Betts
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