The Concept of an Ideal Gas and the Ideal Gas Equation

No gas obeys the gas laws exactly, however they do provide a fairly accurate description of the way gases behave when they are at low pressures and are at temperatures which are well above those are which they liquefy.  A useful concept is that an ideal or perfect gas which obeys the laws exactly.

The behaviour of  such a gas can be accounted for by:

pV = mRT
Where p = pressure (N/m2)


V = volume (m3)


M = mass (kg)


R = the universal gas constant (J/kgK)


T = temperature (K)

This equation is known as the equation of state of an ideal gas or the ideal gas equation, and it embodies the 3 gas laws.

In summary:

(i) An ideal gas obeys the gas laws and pV =mRT exactly.  No such gas exists.

(ii) The internal energy of the gas is entirely kinetic and depends on only its temperature.

(iii) The behaviour of a real gas can be described by pV =mRT if they are at low pressures and are at temperatures which are well above those at which they liquefy 

Example Questions
1. A gas of mass 0.5kg is compressed to a pressure of 105kN/m3, and a temperature of 32˚C.  What will its volume be?  Take the universal gas constant to be 8.3 J/kgK
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2. Given the universal gas constant for dry air to be 287J/kgK, calculate the mass of 1.5m3 of dry air at 20˚C when under a pressure of 4x105Pa.

     [7.1kg]
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3.  What will be the volume of 2kg of air at 20˚C and a pressure of 1.1MPa if the characteristic gas constant for air is 287J/kgK?

  [0.15m3]
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4.  What is the mass of a gas at a pressure of 500KPa and a temperature of 50˚C if it occupies a volume of 0.10m3?  The gas has a characteristic gas constant of 189J/kgK.






   [0.82kg]

     
[image: image7.wmf]?

/

189

1

.

0

323

273

50

10

500

500

3

3

=

=

=

=

+

°

=

´

=

=

m

kgK

J

R

m

V

K

C

T

Pa

KPa

P




[image: image8.wmf]kg

RT

PV

m

mRT

PV

82

.

0

323

189

1

.

0

10

500

3

=

´

´

´

=

=

=


5.  A rigid gas container of internal volume 1.2m3 holds 1.8kg of a gas at 18˚C.  What is the pressure of the gas and to what value will it change if a further 0.8kg of gas is added at the same temperature?  The gas has a characteristic gas constant of 287J/kgK.
         [125.28kPa, 180.95kPa]
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6.  What is the mass of a gas at a pressure of 350kPa and a temperature of 35˚Cif it occupies a volume of 0.03m3?  The gas has a characteristic gas constant of 290J/kgK.
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7.  
A nitrous oxide cylinder of internal volume 0.85m3 holds NOs of pressure 275kPa at a temperature 15˚C.  What will the pressure of the gas in the cylinder be if an additional 1.7kg is pumped into the cylinder at the same temperature?  The NOs has a characteristic gas constant of 290J/kgK.

                                                          [442.16 kPa]
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