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Engineering Thermodynamics II

University of AnbarUniversity of Anbar

Lecture Note #03: Energy Balance for Closed Systems

Objective of Lecture Note

2

• Develop the general energy balance applied to closed systems.
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4.2 Energy Balance For Closed Systems
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Energy balance for any system

undergoing any process

Energy balance in the rate form

The total quantities are related to the quantities per unit time is

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).

Various forms of the first-law relation

for closed systems when sign convention

is used.
For a cycle ∆∆∆∆E = 0, thus Q = W.

The first law cannot be proven mathematically, but no process in nature is known to

have violated the first law, and this should be taken as sufficient proof.
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which is the desired relation (Fig. 4–14). This equation is very convenient to use in the analysis of

closed systems undergoing a constant-pressure quasi-equilibrium process since the boundary work is

automatically taken care of by the enthalpy terms, and one no longer needs to determine it separately.
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Energy balance for a constant-pressure expansion or

compression process

HWU
b

∆=+∆

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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Example 2

A �. � ��
� rigid tank contains refrigerant-134a initially at 160 kPa and 40 percent

quality. Heat is now transferred to the refrigerant until the pressure reaches 700 kPa.

Determine (a) the mass of the refrigerant in the tank and (b) the amount of heat

transferred. Also, show the process on a P-v diagram with respect to saturation lines.
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Example 2 Cont..
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Example 3

A well-insulated rigid tank contains 5 kg of a saturated liquid–

vapor mixture of water at l00 kPa. Initially, three-quarters of the

mass is in the liquid phase. An electric resistor placed in the tank is

connected to a 110-V source, and a current of 8 A flows through

the resistor when the switch is turned on. Determine how long it

will take to vaporize all the liquid in the tank. Also, show the

process on a T-v diagram with respect to saturation lines.
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A well-insulated rigid tank contains 5 kg of a saturated liquid–

vapor mixture of water at l00 kPa. Initially, three-quarters of the

mass is in the liquid phase. An electric resistor placed in the tank is

connected to a 110-V source, and a current of 8 A flows through

the resistor when the switch is turned on. Determine how long it

will take to vaporize all the liquid in the tank. Also, show the

process on a T-v diagram with respect to saturation lines.

Example 3 Cont..
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H.W

An insulated tank is divided into two parts by a partition. One part of the

tank contains 2.5 kg of compressed liquid water at 60°C and 600 kPa while

the other part is evacuated. The partition is now removed, and the water

expands to fill the entire tank. Determine the final temperature of the

water and the volume of the tank for a final pressure of 10 kPa.
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