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Engineering Thermodynamics II

University of AnbarUniversity of Anbar

Lecture Note 02: Moving Boundary Work

Objective of Lecture Note
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• Examine the moving boundary work or � �� work commonly

encountered in reciprocating devices such as automotive engines and

compressors.
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4.1 Moving Boundary Work (PdV)
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Moving boundary work (� �� work): The

expansion and compression work in a

piston-cylinder device.

The work 

associated 

with a 

moving

boundary is 

called 

boundary 

work.

A gas does a 

differential 

amount of work 

δδδδWb as it forces 

the piston to 

move by a 

differential 

amount ds.

Quasi-equilibrium process: A process

during which the system remains

nearly in equilibrium at all times.

�� is positive →→→→ for expansion

�� is negative →→→→ for compression
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The area under the process curve on a P-V

diagram represents the boundary work.

The area under the process

curve on a � � � diagram is

equal, in magnitude, to the

work done during a quasi-

equilibrium expansion or

compression process of a

closed system.

(On the � � � diagram, it represents the boundary work done per unit mass)
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Polytropic Processes (General Process)
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Polytropic process: C, n (polytropic exponent) constants

Polytropic 

process � � �

Polytropic for ideal gas

When � � � (isothermal process)

Schematic and P-

V diagram for a 

polytropic

process.

When � � � Constant pressure process 

(isobaric process)

What is the boundary

work for a constant-

volume process?
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Example 4

A mass of 5 kg of saturated water vapor at 300 kPa is heated at constant pressure

(Isobaric Process) until the temperature reaches 200°C. Calculate the work done by the

steam during this process and show the process on the � � � diagram.
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Example 7
A piston–cylinder device with a set of stops initially contains 0.3

kg of steam at 1.0 MPa and 400°C. The location of the stops

corresponds to 60 percent of the initial volume. Now the steam

is cooled. Determine the compression work if the final state is

(a) 1.0 MPa and 250°C (Isobaric Process) and

(b) Also determine the temperature at the final state if 500 Kpa..
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Example 10
A mass of 2.4 kg of air at 150 kPa and 12°C is contained in a gas-tight, frictionless

piston–cylinder device. The air is now compressed to a final pressure of 600 kPa.

During the process, heat is transferred from the air such that the temperature inside

the cylinder remains constant (Isothermal Process). Calculate the work input during

this process.
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Example 15

A frictionless piston–cylinder device contains 2 kg of nitrogen at 100

kPa and 300 K. Nitrogen is now compressed slowly according to the

relation ���.� � �
��	� constant until it reaches a final

temperature of 360 K. Calculate the work input during this process.
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H.W

A piston–cylinder device initially contains 0.25 kg of nitrogen

gas at 130 kPa and 120°C. The nitrogen is now expanded

isothermally (Isothermal Process) to a pressure of 100 kPa.

Determine the boundary work done during this process.
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