Thermodynamics - 1
A frictionless piston-cylinder device shown below initially contains 0.005 m3 of liquid H2O and
0.35 m3 of H2O vapor in equilibrium at P=100 kPa. The piston exerts a total downward force of
30 kN (due to the piston’s weight and atmospheric pressure). The piston has an area of 0.1 m2,
and initially it is resting on rigid stops as shown in the figure. Steam with Pressure=0.6 MPa and
Temperature=600 °C flows in a supply line that is connected to the piston-cylinder by a valve.
The valve initially is closed.
Heat is added to the H2O in the piston-cylinder at a rate of 0.5 kW until the pressure inside the
cylinder reaches 200 kPa. The valve to the supply line remains closed.
(a) Find the initial mass of H2O in the piston-cylinder. (15 points)
(b) Find the amount of work done by the piston during this process. (5 points)
(c) How long will this process take? (25 points)
(d) Find the final temperature of the H2O in the cylinder. (5 points)
The heat source is removed and the piston-cylinder is now insulated. The valve to the supply line
is opened and steam is allowed to enter the piston-cylinder. An engineer observes that the piston
moves, and she closes the valve when the temperature of the H2O in the cylinder reaches 400 °C.
Assume that all of the H2O in the cylinder is in equilibrium.
(e) What is the pressure inside the cylinder? (10 points)
(f) Find the final mass of the H2O (30 points)
(g) Sketch both processes on the P-v diagram below. Label the following states: (1) initial
conditions, (2) end of the heating process, (3) final state after valve is closed. (10 points)
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