
Homework 5

EE 351

Due Nov 13, 11:59 pm. Submit at
https://canvas.uw.edu/courses/1319405/assignments/5075455.

Problem 1. Hydro energy.
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 2. Impulse turbine.
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.

Problem 3. Flow rate.
The penstock of a hydroelectric power plant is 6 m in diameter. The effective water head
is 70 m. If the power at the exit of the penstock is 20 MW, compute the flow rate and the
velocity of the exiting water. Hint: before entering the penstock, the water is stationary and
all of the energy is potential energy. At the exit, all of this energy is converted to kinetic
energy.

Problem 4. Thermal energy.
A natural gas power plant heat up water into steam to turn a turbine. The steam stream
after the turbine contains 28,000 Btu/kg of energy. Find the mechanical energy of the turbine
and the efficiency of the system. Note natural gas has a thermal energy of 48,000 Btu/kg.

Problem 5. Nuclear power.
Find the amount of energy 10 kg of U235 can produce. How much natural gas is needed to
produce the same amount of energy (assuming perfect efficiency)?

Problem 6. Basics of three phase source.
A balanced Y-connected three-phase source has a line-to-line voltage of Vbc = 45∠25◦. Find
following (complex) voltages: Van and Vab.

Problem 7. Load and source calculations.
A balanced Y-connected three-phase source is connected to a balanced three phase load. At
the source, the time-domain voltage and current per phase is given by:

v(t) = 230 sin(377t+ 5π/18) V

i(t) = 120 sin(377t+ 7π/18) A

Find the following:
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a Find the (rms) phase voltage and the (rms) line-to-line voltage.
b Find the (rms) line current.
c If the load is connected in the ∆ configuration, find the load impedance.

Problem 8. More than one load.
Two loads are connected to a balanced three-phase source as shown the Fig. 1. The line-to-
line voltage of the source is 240 V, Z1 = 10 + j4Ω and Z2 = 5 + j3Ω. Find the line current
(for phase b).

Figure 1: Circuit diagram for problem 8.
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