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1. (10 points)
In a hydroelectric power plant, 100 m3/s of water flows from
an elevation of 120 m to a turbine, where electric power is
generated. The overall efficiency of the turbine–generator is
80 percent. Disregarding frictional losses in piping,
determine:
a. The energy potential of the water required per
year. (5 points)
b. The electric power output of this plant. (5 points)
a)

The total mass of water required per year = ρV̇ ∗ time
= 1000 ∗ 100 ∗ 365 ∗ 24 ∗ 60 ∗ 60 = 𝟑. 𝟏𝟓 𝐆𝐭𝐨𝐧
The energy potential of the water required per year = PE = mgz = 𝟑𝟕𝟏𝟐 𝐓𝐉

2. (15 points)
A piston–cylinder device initially contains 50 L of liquid water at 40°C and
200 kPa. The piston has a surface area of 0.1 m2. Heat is transferred to the
water at constant pressure until the entire liquid is vaporized, at this point the
piston is touching a set of two stops. Now more heat is added to the water till
a pressure of 5 bar is maintained. (the atmospheric pressure is 1 bar)
a. What is the mass of the piston? (3 points)
b. What is the mass of the water? (3 points)
c. What is the volume while the piston is touching the stops? (3 points)
d. What is the final temperature? (3 points)
e. Show the process on a T-v diagram with respect to saturation lines. (3 points)
The piston is moving freely under constant pressure before it reaches the stops. Therefore, the
force balance on the piston leads to:
patm ∗ Apiston + Mpiston ∗ g = ph2o ∗ Apiston
100,000 ∗ 0.1 + Mpiston ∗ 9.81 = 200,000 ∗ 0.1
𝐌𝐩𝐢𝐬𝐭𝐨𝐧 = 𝟏𝟎𝟏𝟗 𝐤𝐠
At 40°C and 200 kPa, the water is compressed liquid.
𝑣1 ≈ 𝑣𝑓@40°C = 0.001008 m3 /kg
𝐌𝐰𝐚𝐭𝐞𝐫 =

𝐕𝟏
𝟎. 𝟎𝟓
=
= 𝟒𝟗. 𝟔 𝐤𝐠
𝒗𝟏 𝟎. 𝟎𝟎𝟏𝟎𝟎𝟖

When the entire liquid vaporizes, the water is saturated vapor at the same pressure of 200 kPa:
𝑣2 = 𝑣𝑔@200 𝑘𝑃𝑎 = 0.88578 m3 /kg
𝐕𝟐 = 𝒗𝟐 ∗ 𝐌𝐰𝐚𝐭𝐞𝐫 = 𝟎. 𝟖𝟖𝟓𝟕𝟖 ∗ 𝟒𝟗. 𝟔 = 𝟒𝟒 𝐦𝟑
When the water pressure is 5 bar, the specific volume is 0.88578 m3/kg
From table A-6, the temperature is:
𝐓𝟑 = 𝟔𝟖𝟖 °𝐂
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1. (10 points)
Water is pumped from a lake to a storage tank 20 m
above at a rate of 70 L/s while consuming 20.4 kW
of electric power. Disregarding any frictional losses
in the pipes and any changes in kinetic energy,
determine:
a. The overall efficiency of the pump–motor
unit. (5 points)
b. The pressure difference between the inlet
and the exit of the pump. (5 points)

2. (15 points)
A piston–cylinder device contains 8 kg of steam at 300°C and 1 MPa. Steam is
cooled at constant pressure until one-half of the mass condenses, at this point the
piston is touching a set of two stops. Now more heat is rejected from the water
till a temperature of 165°C is achieved.
a. What is the initial volume of the water? (3 points)
b. What is the volume of the saturated liquid when the piston touches
the stops? (3 points)
c. What is the final pressure of the water? (3 points)
d. What is the final quality of the water? (3 points)
e. Show the process on a p-v diagram with respect to saturation lines. (3 points)
From table A-6, at 300°C and 1 MPa:
𝑣1 = 0.25799 m3 /kg
𝐕𝟏 = 𝒗𝟏 ∗ 𝐌𝐰𝐚𝐭𝐞𝐫 = 𝟎. 𝟐𝟓𝟕𝟗𝟗 ∗ 𝟖 = 𝟐. 𝟏 𝐦𝟑
The piston is moving freely under constant pressure before it reaches the stops:
𝑣2 = 𝑣𝑓2 + x2 (𝑣𝑔2 − 𝑣𝑓2 ) = 0.001127 + 0.5 ∗ (0.19436 − 0.001127) = 0.0977 m3 /kg
𝐕𝐟𝟐 = 𝒗𝒇𝟐 ∗ 𝐌𝐰𝐚𝐭𝐞𝐫 = 𝟎. 𝟎𝟎𝟏𝟏𝟐𝟕 ∗ (𝟎. 𝟓 ∗ 𝟖) = 𝟎. 𝟎𝟎𝟒𝟓 𝐦𝟑 = 𝟒. 𝟓 𝐋
When the water temperature is 165°C, the specific volume is 0.0977 m3/kg (𝑣2 = 𝑣3 )
From table A-4, the pressure is:
𝐩𝟑 = 𝟕𝟎𝟏 𝐤𝐏𝐚
𝑣𝑓 = 0.001108 m3 /kg,

𝑣𝑔 = 0.27244 m3 /kg

𝑣3 = 𝑣𝑓3 + x3 (𝑣𝑔3 − 𝑣𝑓3 ) = 0.001108 + x3 ∗ (0.27244 − 0.001108) = 0.0977 m3 /kg
𝐱𝟑 = 𝟑𝟓. 𝟔%

