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Chapter (4)

ENERGY ANALYSIS OF 
CLOSED SYSTEMS

Thermodynamics: An Engineering Approach, 6th Edition
Yunus A. Cengel, Michael A. Boles

McGraw-Hill, 2008

SUMMARY
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The area under the process curve 
on a P-V diagram represents the 
boundary work.
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SUMMARY
MOVING BOUNDARY WORK EQUATIONS

When n = 1 (isothermal process)

Constant pressure process

(Isobaric)

Polytropic for ideal gas

Polytropic 
process

Isothermal process for ideal gas
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ENERGY BALANCE FOR CLOSED SYSTEMS

Energy balance per unit mass basis

Energy balance in differential form

Energy balance for a cycle
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Energy balance when sign convention is used (i.e., heat input and work 
output are positive; heat output and work input are negative).

For a cycle ΔE = 0, thus Q = W.
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Energy balance in the rate form

HWU b Δ=+Δ

For a constant-pressure expansion or compression process:

PEEKUEE outn Δ+Δ+Δ=− .&&
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Energy balance for a constant-pressure
expansion or compression process

General analysis for a closed system undergoing a quasi-equilibrium 
constant-pressure process. Q is to the system and W is from the 
system.
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• cv and cp are properties.
• cv is related to the changes in internal energy and cp to 

the changes in enthalpy.
• A common unit for specific heats is kJ/kg · °C or kJ/kg · K. 

The specific heat of a substance changes with temperature.
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1.   By using the tabulated u and h data. 
This is the easiest and most 

accurate way when tables are 
readily available. 

2.   By using the cv or cp relations (Table 
A-2c) as a function of temperature 

and performing the integrations. The 
results obtained are very accurate. 

3. By using average specific heats. This 
is very simple and certainly very 

convenient when property tables are 
not available. The results obtained 

are reasonably accurate if the 
temperature interval is not very 

large.



12/9/2010 Dr. MUNZER EBAID
1111

Specific Heat Relations of Ideal Gases

The cp of an ideal gas can be determined  
from a knowledge of cv and R.

On a molar basis

The relationship between cp, cv and R
dh = cpdT and du = cvdT
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The relationship between cp, cv and R

Specific heat ratio

Incompressible substance: Solids and liquids are 
incompressible substances.
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THE END
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