Solutions		Gas Laws 
Gas Laws Lesson 
Engineering Science

Charles Law.

‘At constant pressure, the volume of a given mass of an ideal gas increases or decreases by the same factor as its temperature on the absolute temperature scale.’

E.g. If, P, the pressure remains constant for every °C rise the temp the volume expands. Charles' Law describes the direct relationship of temperature and volume of a gas. 
So imagine if you double the temperature of the air in a plastic bottle of a certain mass of gas, in simple terms, the particles become excited and move about more, effectively taking up more double volume.


 V1 
       T1
V2
      T2




Therefore:  V1/T1 = V2/T2 where the pressure of the gas is constant, and 
V1 = Initial Volume (m3)
V2 = Final Volume (m3)
T1 = Initial Temperature (K)
T2 = Final Temperature (K)
To convert °C to K add 273.



Boyle’s Law.

‘The Volume of a gas of fixed mass, is inversely proportional to the pressure, provided the temperature remains constant.’

E.g. If, T, the temperature remains constant and P, the pressure increases then V the volume filled by the gas decreases.

So imagine a volume of gas in a plastic bottle, if a pressure is applied to the bottle then the volume taken up by the gas gets less and the bottle will contract.


P1
     V1

P2   V2




Therefore:  P1V1 = P2V2 where the temperature of the gas is constant, and 
V1 = Initial Volume (m3)
V2 = Final Volume (m3)
P1 = Initial Pressure (Pa)
P2 = Final Pressure (Pa)


But we can combine Boyle’s and Charles’s Laws to get the Gas equation.

Imagine changes according to both Laws in two stages…
Stage 1 where T is constant.
Stage 2 where P is constant.

Stage 2


P2 is constant
Stage 1



T1 is constant

P2   V2  
   T2

P2  VA 
    T1

P1  V1
    T1



Initial Conditions	          Intermediate Conditions                Final Conditions


So from Stage 1:      P1V1 = P2VA
			VA = (P1V1)/P2    Equation 1.

And from Stage 2:    VA/T1 = V2/ T2
			 VA = (V2T1)/T2   Equation 2.

Equate 1 and 2.   
			
(P1V1)/P2 = (V2T1)/T2
OR			(P1V1)/T1 = (P2V2)/T2



Gas Law Examples

1.A given mass of gas occupies a volume of 200 litres at a temperature of 27°C.  What would the volume of this mass of gas be at:
a. 90°C,
b. -30°C, under the same pressure conditions?			             
	N.B:  1 Liter is 0.001m3		     			    [0.242m3, 0.162m3]
c. 
a.


					
	Constant pressure, so use Charles’ Law:

	
	b.


					
	Constant pressure, so use Charles’ Law:

	
2.A quantity of gas at a temperature of 15°C is heated at constant pressure until the volume is doubled.  What will be the final temperature of the gas?	[576K]


				
Constant pressure, so use Charles’ Law:

	

3.The compression ratio of an engine is 9 to 1, the pressure at the commencement of the compression stroke is 110kN/m2 absolute and the temperature 115°C.  Calculate the absolute pressure at the end of the compression stroke if the temperature has then risen to 180°C. 			             				             [1155.9kN/m2]
V2

V1



	






			

Using the combined gas equation:




4.At the commencement of the compression a cylinder contains 480cm3 of gas at a pressure of 96kN/m2 absolute and temperature 100°C.  At the end of the compression the volume is 80cm3 and the pressure 725kN/m2 absolute. What will be the temperature at the end of compression? N.B 1cm3=1x10-6m3  [469.5K]


		

Using the combined gas equation:

[bookmark: _GoBack]

5.When the pressure in a car tyre was checked at a temperature of 12°C, the tyre gauge showed a reading of 1.75bar.  What would be the tyre gauge reading when the temperature had increased to 38°C, assuming the volume of air in the tyre to be constant? (take atmospheric pressure to be 1.013 bar)			       [2.003bar]


Using the combined gas equation:


Volumes cancel each side as they are equal:


6.
a)	A compression ignition engine has a bore of 14cm and a stroke 12.2cm.  The clearance volume is 128cm3.  Calculate the compression ratio of the engine.
	b) In the above engine, the air pressure at the commencement of the compression stroke is 100kN/m2 and the temperature is 35˚C.  Calculate the temperature at the end of the compression stroke when the pressure is 4000kN/m2.     [15.7:1, 786.1K]



V2=128cm2



12.2cm
14cm


V1










a) Firstly calculate the volume of the cylinder:


   





 b)

	
Combined Gas Equation:


	

7.   A compression ignition engine has a compression ratio of 14:1.  The pressure of the air at the intake is 1.013bar, temperature 18˚C and 2525cm3 per cylinder.  If the pressure at the end of the compression is 38.5bar, calculate the temperature of the air at the end of compression.							         [789.98K]




		
Combined gas equation:




8.  A quantity of gas occupies a volume of 0.056m3 at and pressure of 14 bars and a temperature of 27˚C.  It is allowed to expand until the pressure has fallen to 8.4bars and the temperature to 15˚C.  What will the new volume be?  If the temperature then increases to 38˚C without a change in volume, what will be the new pressure?			      								   [0.0896 m3,9.07bar]



	          			

Combined gas equation:







				
Combined gas equation:



9. A quantity of air in a cylinder is compressed to one fifth of its volume.  The pressure is initially 105kN/m2 and the temperature rises during compression from 15˚C to 120˚C.  What is the pressure of the compressed air?  If this air is allowed to expand at constant temperature to its original volume, what will be the new pressure? 
  [716.4kN/m2, 143.28kN/m2]



				
Combines gas law:






					
Constant temperature, so Boyles’ Law:



10. In the compression stroke a diesel engine, 3 litres of air at pressure 93kN/m2 and a temperature of 45˚C are compressed to a pressure of 2900kN/m2 and a temperature of 690˚C.  The compression follows the combine’s laws of Boyle and Charles.  Calculate the volume of air, in millilitres at the end of the compression.			         [291.3ml]



				

Combined gas equation:




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:
The ideal gas Law as pV = nRuT,
Where p = pressure (N/m2 or Pa)
	V = volume (m3)
	n = number of moles
	Ru = the universal gas constant (J/molK)
	T = temperature (K)
Number of moles, n
To find n, the number of moles divide the mass in grams by the mass of one mole in grams.
Use the ideal gas equation by first making the substitution to give:


A value for Ru will be given you if you need it, or you can look it up in a data source. The SI value for Ru is 8.31441 J /mol K.
The Individual Gas Constant , R
The Individual Gas Constant depends on the particular gas and is related to the molecular weight of the gas. The value is independent of temperature.  In the SI system the units are J/kg K.




The Universal Gas Constant - Ru
The Universal Gas Constant, Ru, as it appears in the ideal gas law and can be expressed as the product between the Individual Gas Constant,  R, for the particular gas - and the Molecular mass- Mgas - for the gas, and is the same for all ideal or perfect gases:
Ru = Mgas R 
where
Ru = universal gas constant
Mgas = molecular mass of the ideal gas or mixture of gases

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 =nRuT exactly.  No such gas exists.
(ii) The internal energy of the gas is entirely kinetic and depends on only its temperature.
The behaviour of a real gas can be described by pV =nRuT if they are at low pressures and are at temperatures which are well above those at which they liquefy.

Example
1.	Nitrous Oxide gas of mass 20g is compressed into a cylinder of volume 0.02m3 at the temperature of 28 ºC.  Calculate the pressure of the gas.  (molecular mass 44.013g/mol, Individual gas constant 0.28kJ/molK.)   		     [83.46MPa]


       

2.	Propane Gas (C3H8) is compressed into a cylinder of diameter 0.3m and height 1.6m at 22 ºC.  Given that the Propane had a mass of 1.5kg and has an Individual gas constant of 0.24kJ/molK calculate the pressure of the gas. (Molecular mass 44.10g/mol)								     [939.7MPa]
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