
Homework 4

EE 351

Do not submit. Solution will be posted.

Problem 1. Solar system.
A solar panel consists of 5 parallel columns of PV cells. Each column has 8 PV cells in series.
Each cell produces 2.5 W at 0.6 V. Compute the voltage and current of the panel.

Problem 2. Solar Energy.
A solar power density for a given area has a standard deviation of 4 h, and a maximum
power of 250 W at noon. Compute the total solar energy in 1 day.

Problem 3. Solar power density.
A photovoltaic power plant site located near the equator (the power is highest at noon)
has the following parameters: αdt = 0.84, αp = 0.9, βwa = 0.08. The solar power density
measured at 11:00 am is 500 W/m2. Compute the solar power density at 3:00 pm.

Problem 4. Solar cell.
A solar cell with a reverse saturation current of 2 nA has a source current of 2 A. The
operating temperature of the cell is 35◦C. A load draws 1 A. Find the output voltage (i.e.,
the diode voltage) and the output power of the cell.

Problem 5. Solar cell.
A solar cell with a reverse saturation current of 2 nA has a solar current (that is, the source
current) of 1.2 A. The operating temperature of the cell is 35◦C. Find the maximum output
power of the cell and the resistance of the load that achieves this power. You can solve
for the maximum power by plotting the power vs voltage or solving the nonlinear equation
directly.

Problem 6. Solar cell.
A solar cell with a reverse saturation current of 1 nA has a solar current (that is, the source
current) of 1.5 A. The operating temperature of the cell is 25◦C. The cell is connected to a
5Ω resistive load. Find the output power of the cell.

Problem 7. Cell efficiency.
A 160cm2 solar cell is operating at 33◦C where the output current is 1 A, the load voltage
is 0.5 V and the saturation current of the diode is 1 nA. The series resistance of the cell
is 0.01Ω and the parallel resistance is 400 Ω. At a given time, the solar power density is
400W/m2. Compute the irradiance efficiency.
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Problem 8. Cell efficiency.
A solar cell is operating at 30◦C where the output current is 1.2 A and the load voltage is 0.6
V. The series resistance of the cell is 0.01Ω and the parallel resistance is 1 kΩ. Compute the
electrical efficiency of the PV cell. Assuming that the irradiance efficiency is 24%, compute
the overall efficiency of the PV cell.

Problem 9. Torque and power.
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.

Problem 10. Coefficient of performance.
This question is an example of how coefficient of performance is used in the practice. For
one of the turbines at Tehachapi 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 Find the maximum Cp and the corresponding TSR for pitch angle of 30◦ (you can just

read this off from the graph).

Problem 11. Wind power.
An investor wishes to install a wind farm in the Snoqualmie pass area located in Washington
State, United States. Assume the air density is 1 kg/m3.

a Compute the power density of the wind in assuming that the average wind speed is 16
m/s.

b It is found that to be economically viable, 220 kW of wind energy need to be captured.
Assuming that the turbine is 50% efficient, find the length of the blade required to
capture this much power.

Problem 12. Betz Ratio.
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.
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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).

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.
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