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Energy Analysis of Closed System

• Identify the first law of thermodynamics as simply a statement of 

the conservation of energy principle for closed (fixed mass) 

systems.

• Develop the general energy balance applied to closed systems.

• Define the specific heat at constant volume and the specific heat at 

constant pressure.

• Relate the specific heats to the calculation of the changes in 

internal energy and enthalpy of ideal gases.

• Describe incompressible substances and determine the changes in 

their internal energy and enthalpy.

• Solve energy balance problems for closed (fixed mass) systems 

that involve heat and work interactions for general pure 

substances, ideal gases, and incompressible substances.



Moving Boundary Work

Moving boundary work (P dV work): 

The expansion and compression work in 

a piston-cylinder device.

A gas does a differential 

amount of work Wb as it 

forces the piston to move by a 

differential amount ds.

The work associated with a moving

boundary is called boundary work 

(Wb)



Polytropic, Isothermal, and Isobaric processes

Polytropic process: C, n (polytropic exponent) constants

Polytropic 

process

Polytropic and for ideal gas

When n = 1 (isothermal process)

Constant pressure process



Energy Balance for Closed Systems
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Energy balance when sign convention is used:

(i.e., heat input and work output are positive).



Energy Balance for Closed Systems

Various forms of the first-law 

relation for closed systems when 

sign convention is used.

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.



Enthalpy

H = U + PV

Many processes (boiling water, chemical reactions, etc.) usually take 

place under constant pressure and with PV work (Wb)

Enthalpy was defined to quantify the amount of heat transfer during 

the constant pressure processes with PV work. 



Enthalpy
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Note: When there are other forms of work except PV work, those 

works need to be separately considered from Wb



Example



Specific Heats

Constant-

volume specific 

heats cv

(values are for 
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Specific heat at constant volume, cv: 

The energy required to raise the 

temperature of the unit mass of a 

substance by one degree as the 

volume is maintained constant.



Specific Heats

Specific heat at constant pressure, cp: 

The energy required to raise the 

temperature of the unit mass of a 

substance by one degree as the 

pressure is maintained constant.

constant-

pressure specific 

heats cp

(values are for 

helium gas).
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Ideal Gases

For ideal gases, u, 

h, cv, and cp vary 

with temperature 

only.



(kJ/kg)

Internal energy and enthalpy change 

when specific heat is taken constant at 

an average value

Ideal Gases



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

Specific 

heat ratio

• The specific ratio varies with 

temperature, but this variation is 

very mild. 

• For monatomic gases (helium, 

argon, etc.), its value is 

essentially constant at 1.667. 

• Many diatomic gases, including 

air, have a specific heat ratio of 

about 1.4 at room temperature.

dh = cpdT and du = cvdT



Mass and Energy Analysis of Open System

• Develop the conservation of mass principle.

• Apply the conservation of mass principle to various systems 

including steady- and unsteady-flow control volumes.

• Apply the first law of thermodynamics as the statement of the 

conservation of energy principle to control volumes.

• Identify the energy carried by a fluid stream crossing a control 

surface.

• Solve energy balance problems for common steady-flow devices 

such as nozzles, compressors, turbines, throttling valves, mixers, 

heaters, and heat exchangers.

• Apply the energy balance to general unsteady-flow processes with 

particular emphasis on the uniform-flow process as the model for 

commonly encountered charging and discharging processes.



Open System 

 Open system (control volume): A properly 

selected region in space. 

 It usually encloses a device that involves mass 

flow such as a compressor, turbine, or nozzle.

 Both mass and energy can cross the boundary of 

a control volume.

 Control surface: The boundaries of a control 

volume. It can be real or imaginary.



Mass and Volume Flow Rates

Definition of average velocity



Conservation of Mass Principle

The conservation of mass principle 

for a control volume: The net mass 

transfer to or from a control volume 

during a time interval t is equal to the 

net change (increase or decrease) in 

the total mass within the control volume 

during t.

These equations are often referred to 

as the mass balance and are 

applicable to any control volume 

undergoing any kind of process.



Mass Balance for Steady-Flow Processes

During a steady-flow process, the total amount of mass contained 

within a control volume does not change with time (mCV = constant). 

Then the conservation of mass principle requires that the total amount 

of mass entering a control volume equal the total amount of mass 

leaving it.
For steady-flow processes, we are 

interested in the amount of mass flowing per 

unit time, that is, the mass flow rate.

Multiple inlets 

and exits

Single 

stream

Many engineering devices such as nozzles, 

diffusers, turbines, compressors, and 

pumps involve a single stream (only one 

inlet and one outlet).



Flow Work 

20

Flow work, or flow energy: The work (or energy) 

required to push the mass into or out of the control 

volume. This work is necessary for maintaining a 

continuous flow through a control volume.



Total Energy of a Flowing Fluid

h = u + Pv

The flow energy is 

automatically taken 

care of by enthalpy. 

In fact, this is the 

main reason for 

defining the property 

enthalpy.



Energy Transport by Mass

When the kinetic and potential 

energies of a fluid stream are 

negligible

When the properties of the 

mass at each inlet or exit 

change with time as well as 

over the cross section



Steady Flow Systems 

Steady-flow process: A process

during which a fluid flows through a 

control volume steadily.



A water 

heater in 

steady 

operation.

Mass balance

Energy 

balance

Mass and Energy Balances for a Steady-Flow Process



Turbines and Compressors

Energy balance for the 

compressor in this figure:

Turbine drives the electric generator in 

steam, gas, or hydroelectric power plants.

As the fluid passes through the turbine, 

work is done against the blades, which are 

attached to the shaft. As a result, the shaft 

rotates, and the turbine produces work.

Compressors, as well as pumps and 

fans, are devices used to increase the 

pressure of a fluid. Work is supplied to 

these devices from an external source 

through a rotating shaft.

A fan increases the pressure of a gas 

slightly and is mainly used to mobilize a 

gas. 

A compressor is capable of compressing 

the gas to very high pressures. 

Pumps work very much like compressors 

except that they handle liquids instead of 

gases.



Example



Throttling Valves

Throttling valves are any kind of flow-restricting devices 

that cause a significant pressure drop in the fluid. 

What is the difference between a turbine and a 

throttling valve? 

The pressure drop in the fluid is often accompanied by a 

large drop in temperature, and for that reason throttling 

devices are commonly used in refrigeration and air-

conditioning applications.

Energy 

balance

adiabatic/no work



Example


