
Homework 6

EE 351

Due May 13th, 11:59 pm. Submit to Canvas at
https://canvas.uw.edu/courses/1448934/assignments/6316053

Problem 1. The lift force exerted on each blade of a three-blade wind turbine is 1000 N.
The center of mass of the blade is 20 m from the hub. Find the total torque generated by
the turbine and the total power generated if the blades are turning at 35 rpm (revolutions
per minute).

Problem 2. This question is an example of how coefficient of performance is used in the
practice. Prof. Mohamed El-Sharkawi (long time faculty of our department) installed some
wind turbines in Tehachapi, CA and took lots of empirical measurements. One of a turbines
has the following empirical equation for Cp in the form of

Cp = k1(Λ − k2β − k3β
3 − k4)e−Λk5 , (1)

where β is the pitch angle and

Λ =
1

TSR + k6β
− k7

1 + β3
, (2)

where TSR is the tip speed ratio. The values of the parameters are given in the following
table

Parameter k1 k2 k3 k4 k5 k6 k7

Value 25 0.2 0.003 0.004 16 1 0.03

a) Plot Cp as a function of TSR for a pitch angle of 0◦, 30◦ and 45◦.

b) ind the maximum Cp and the corresponding TSR for pitch angle of 30◦ (you can just
read this off from the graph).

Problem 3. This limit provides a theoretical limit on how efficient wind turbines can be.
Suppose for a given area, the wind speed before the turbine is wu and the wind speed after
the turbine is wd.

1 To compute the power that is extracted by the turbine, we need to know the wind
speed at the turbine. Making a continuity assumption, suppose that the speed is at
the turbine is the average of the upwind and the downwind speed. That is, the wind
speed at the turbine, w, is w = 1

2
(wu + wd).
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2 The power extracted by the turbine is also given by the difference in power in upwind
airmass and the power in the downwind airmass.

3 We assume air is incompressible, that is, the same amount or air is moving upwind,
through the turbine, and downwind.

4 Combining the last two terms, it is now possible to write the power extracted by the
turbine as

Pturbine = Pu · Cp,

where Cp is in terms of the ratio γ = wd

wu
.

5 Now maximize Cp by varying γ. This leads the Betz ratio that states Cp ≤ 0.593.

Problem 4. [Bonus] A hydroelectric dam creates a reservoir of 10 km3. The effective head
(head of the center of the mass) of the reservoir is 75m. Compute the potential energy (PE)
of the reservoir.

Problem 5. [Bonus] A hydroelectric power plant has a turbine whose speed must be fixed
at 240 rpm. The turbine is impulse type with 12 m diameter. When the flow rate at the
nozzle of the penstock is 10 m3/s, the generated electricity is 60 MW. Compute the velocity
of the water jet (i.e., find vi). Hint: vc is the linear speed at the boundary of the turbine.
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