
Chapter 4 

ENERGY ANALYSIS OF 

CLOSED SYSTEMS 
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First Law of Thermodynamics 

Ein – Eout =  D Esystem 

(Qin + Win + Emass,in) - (Qout + Wout + Emass,out) = D Esystem 

(Qin + Win + Emass,in) - (Qout + Wout + Emass,out) =  

DU + DKE + DPE 

(Qin + Win + Emass,in) - (Qout + Wout + Emass,out) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 
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First Law of Thermodynamics for Closed Systems 

(Qin + Win) - (Qout + Wout) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

(Qin - Qout) + (Win- Wout) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

Qnet,in – Wnet,out =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 
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First Law of Thermodynamics for Closed Systems 

(Qin + Win) – (Qout + Wout ) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

Special Case: Stationary System 

0 

0 

(Qin + Win) – (Qout + Wout ) = m (u2 – u1) 

(Qin + Win) – (Qout + Wout ) = DU 

(Qin + Win) – (Qout + Wout ) = m (u2 – u1) 

0 

Qin – Qout = Wout - Win 

If the stationary system is undergoing a cycle: 
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First Law of Thermodynamics for Closed Systems 

(Qin + Win) - (Qout + Wout) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

• In thermodynamics, details of Q are not studied. 

• W can be calculated from equations given earlier for 

different types of work (shaft, electrical, etc.) 

• Only one type of work has not been covered yet (moving 

boundary work) 

• Emass will be introduced in Chapter 5 

• u can be obtained from tables for phase-changing materials 

• In this chapter, obtaining (u) for ideal gases will be covered. 
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Moving Boundary Work 

• The work associated with a moving boundary is called 

boundary work. 

• Work is the result of a force (F) acting on an object for a 

distance (s): 
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Moving Boundary Work 

• If the system is expanding, the fluid inside 

the system is pushing out the boundary 

• The system is exerting work on the 

surroundings 

• Work is going out of the system 

 

• If the system is being compressed, the 

surroundings are pushing the boundary in 

• The surroundings are exerting work on 

the system 

• Work is going into the system 
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Moving Boundary Work 

• The area under the process curve on a P-V diagram 

represents the boundary work. 

• The boundary work done during a process depends on 

the path followed as well as the end states. 
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A polytropic process is a process that follows the 

following form: 

Moving Boundary Work 

Polytropic Process 

where C and n are constants 

For an ideal gas, 

this equations 

becomes: 
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Schematic and 

P-V diagram for 

a polytropic 

process. 

Moving Boundary Work 

Isobaric Process 
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Moving Boundary Work 

Isothermal Process for an Ideal Gas in a Closed System 

 

The ideal gas equation of state is: P v = R T, or P V = m R T 

P1 V1 = m R T1 

P2 V2 = m R T2 

P V = constant = m R T 
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First Law of Thermodynamics for Closed Systems 

Special Case: Constant Pressure Process (Stationary) 

(Qin + Win) - (Qout + Wout) =  
 

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

0 0 

(Qin – Qout) + Win - Wout = DU 

Wout = P (V2 – V1) 
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First Law of Thermodynamics for Closed Systems 

Special Case: Constant Pressure Process (Stationary) 

(Qin – Qout) + Win = P (V2 – V1) + (U2 – U1) 

(Qin – Qout) + Win = H2 – H1 
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Specific Heat 

• Specific heat is the energy required to raise the 

temperature of a unit mass of a substance by one degree 

in a specified way. 
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Specific Heat at Constant Volume 

• Specific heat at constant volume (Cv) is the energy required 

to raise the temperature of a unit mass of a substance by one 

degree as the volume is maintained constant. 
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Specific Heat at Constant Pressure 

• Specific heat at constant pressure (Cp) is the energy required 

to raise the temperature of a unit mass of a substance by one 

degree as the pressure is maintained constant. 
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Formal Definition of Cv and Cp 

• For Cv, the amount of energy added is equivalent to the 

change in internal energy 

• For Cp, the amount of energy added is equivalent to the 

change in enthalpy 

• Applying the first law of thermodynamics explains the 

difference. 
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Dependence of Cv on Internal Energy 

• The first law is given as follows: 

 

 

• For a stationary system undergoing a 

constant volume process, the first law is 

simplified to: 

 

 

(Qin + Win + Emass,in) - (Qout + Wout + Emass,out) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

Qin = m (u2 – u1)  or qin = u2 – u1 
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Dependence of Cp on Enthalpy 

• The first law is given as follows: 

 

 

• For a stationary system undergoing a 

constant pressure process, the first law 

is simplified to: 

 

 

(Qin + Win + Emass,in) - (Qout + Wout + Emass,out) =  

m (u2 – u1) + ½ m (V2
2 – V1

2) + m g (z2 – z1) 

Qin –  P (V2 – V1) = m (u2 – u1) 

Qin – m P (v2 – v1) = m (u2 – u1) 

Qin = m [ (u2 + P v2) – (u1 + P v1) ] = m (h2 – h1) 
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Notes on Cv and Cp 

• Cv and Cp are properties. 

• Cp is always larger than Cv 

• The specific heat of a substance changes with temperature 
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Specific Heats for Ideal Gases 

• Joule showed in 1843 that the internal energy of ideal gases is 
a function of temperature only, i.e. 

u = u(T) 
 

• For an ideal gas: 

 

 
 

 

• This means that Cv and Cp are functions of temperature only 

h = h(T) 
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Finding u and h for Ideal Gases 

• For an ideal gas, 

u = u(T) 

h = h(T) 

• There are tables showing values of u and h for different 
temperatures: 
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Finding u and h for Ideal Gases 

• An alternative is to find Cv and Cp and apply: 

• There are tables showing the values of Cv and Cp for 
different gases at different temperatures: 
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Finding u and h for Ideal Gases 

• Yet another alternative is to use 
average values of Cv and Cp 
and consider them constant. 

• For small temperature intervals, 
this assumption is acceptable. 
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Specific Heat Relations for Ideal Gases 

• It can be easily shown that, for an ideal gas: 

 

 

• A useful property is called the specific heat ratio, and it is 
denoted by (k): 

 

 

 

• k varies with temperature, but its variation is very small 
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INTERNAL ENERGY, ENTHALPY, AND 

SPECIFIC HEATS OF SOLIDS AND LIQUIDS 

The specific volumes of 

incompressible substances 

remain constant during a 

process. 

The cv and cp values of 

incompressible substances are 

identical and are denoted by c. 

Incompressible substance: A substance whose specific volume 

(or density) is constant. Solids and liquids are incompressible 

substances. 
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Internal Energy Changes 

Enthalpy Changes 


