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Thermodynamics Processes
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The Ideal-Gas Equation of State

Lecture Note #01

Objectives of Lecture Note
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• Describe the hypothetical substance “ideal gas” and the ideal-gas
equation of state.

• Apply the ideal-gas equation of state in the solution of typical problems.
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The Ideal-Gas Equation of State
• Equation of state: Any equation that relates the pressure, temperature, and

specific volume of a substance.
• The simplest and best-known equation of state for substances in the gas phase is

the ideal-gas equation of state. This equation predicts the 𝑷 − 𝒗 − 𝑻 behavior of
a gas quite accurately within some properly selected region.

𝑹: gas constant
𝑴: molar mass or molecular weight  (kg/kmol)
𝑹u: universal gas constant KJ/Kmol.K

Ideal gas equation of state

Different substances have different gas constants.

Or

𝑷 is the absolute pressure, 𝑻 is the absolute temperature, 
and 𝒗 is the specific volume.
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Properties per unit mole are denoted
with a bar on the top.

The ideal-gas 
relation often is 

not applicable 
to real gases; 

thus, care 
should be 

exercised when 
using it.

Mass = Molar mass  Mole number

Various 
expressions 
of ideal gas 
equation

Ideal gas equation at two states 
for a fixed mass

Real gases behave as
an ideal gas at low
densities (i.e., low
pressure, high
temperature).
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• An ideal gas is an imaginary substance that obeys the relation
𝑷𝒗 = 𝑹𝑻.

• At low pressures and high temperatures, the density of a gas
decreases, and the gas behaves as an ideal gas under these
conditions.

• Many familiar gases such as air, nitrogen, oxygen, hydrogen,
helium, argon, neon, krypton, and even heavier gases such as
carbon dioxide can be treated as ideal gases.

• Dense gases such as water vapor in steam power plants and
refrigerant vapor in refrigerators, however, should not be treated
as ideal gases. Instead, the property tables should be used for
these substances.
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Example 2

The pressure gage on a 𝟐. 𝟓 𝒎𝟑 oxygen tank reads
𝟓𝟎𝟎 𝒌𝑷𝒂. Determine the amount of oxygen in the
tank if the temperature is 𝟐𝟖°𝑪 and the atmospheric
pressure is 𝟗𝟕 𝒌𝑷𝒂.
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Example 3
A spherical balloon with a diameter of 𝟗 𝒎 is filled with helium at 𝟐𝟕 °𝑪 and
𝟐𝟎𝟎 𝒌𝑷𝒂. Determine the mole number and the mass of the helium in the balloon.
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Example 5
The pressure in an automobile tire depends on the temperature of the air in
the tire. When the air temperature is 𝟐𝟓°𝑪, the pressure gage reads 𝟐𝟏𝟎 𝒌𝑷𝒂.
If the volume of the tire is 𝟎. 𝟎𝟐𝟓 𝒎𝟑. (a) Determine the pressure rise in the
tire when the air temperature in the tire rises to 𝟓𝟎°𝑪.
(b) Determine the amount of air that must be bled off to restore pressure to its
original value at this temperature.
Assume the atmospheric pressure is 100 kPa.
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Example 6
The air in an automobile tire with a volume of 𝟎. 𝟓𝟑 𝒇𝒕𝟑 is at 𝟗𝟎°𝑭 and 𝟐𝟎 𝒑𝒔𝒊𝒈. Determine the
amount of air that must be added to raise the pressure to the recommended value of 𝟑𝟎 𝒑𝒔𝒊𝒈.
Assume the atmospheric pressure to be 𝟏𝟒. 𝟔 𝒑𝒔𝒊𝒂 and the temperature and the volume to remain
constant.
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Example 7

A rigid tank contains 20 lbm of air at 20 psia and 70°F. More air is added to the tank
until the pressure and temperature rise to 35 psia and 90°F, respectively. Determine
the amount of air added to the tank.
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Example 8
A 400-L rigid tank contains 5 kg of air at 25°C. Determine the reading on the pressure 
gage if the atmospheric pressure is 97 kPa.
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Example 9

A 𝟏 𝒎𝟑 tank containing air at 25°C and 500 kPa is connected through a valve to
another tank containing 5 kg of air at 35°C and 200 kPa. Now the valve is opened, and
the entire system is allowed to reach thermal equilibrium with the surroundings,
which are at 20°C. Determine the volume of the second tank and the final equilibrium
pressure of air.
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Example 10

A rigid tank whose volume is unknown is divided
into two parts by a partition. One side of the
tank contains an ideal gas at 𝟗𝟐𝟕°𝑪. The other
side is evacuated and has a volume twice the size
of the part containing the gas. The partition is
now removed and the gas expands to fill the
entire tank. Heat is now applied to the gas until
the pressure equals the initial pressure.
Determine the final temperature of the gas.
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