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Exercise 5 (Industrial Furnace) 
A liquid fuel C16.5H34.44 is burned in an industrial furnace using a rich mixture, excess air coefficient 
of 0.88451. The molar ratio CO2 / CO = 1.8448. 
If the air and fuel enter under standard conditions (25ºC, 1 atm), and the combustion products leave 
at 750ºC. Get: 
a) Obtain the composition on a dry and wet basis of the exhaust gases. 
b) The Ostwald diagram. 
c) Adiabatic temperature of the flame. 
d) Energy balance. 
e) Solve the case assuming that there are unburned hydrocarbons in the form of ethane (10,000 
ppm), also obtaining the entropy generated and the exergy analysis. 
 
Known data: 
Fuel formation enthalpy of -320 kJ / mol fuel 
Entropy at 1 atm and 25ºC of 122 J / mol fuel K 
 

 
 

    
 
The air used in combustion reactions is atmospheric air. Because neither N2 nor inert gases in air react 
during combustion, they are often lumped together, and air is considered to be 21% O2 and 79% N2. 
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Industrial furnaces are used in metallurgical production for smelting at high temperatures, in heat treatment, 
tempering, in some areas such as the food industry, for drying, and for fermentation at low temperatures. 
The metal industry has a significant share in total industrial energy consumption. 

 

 
 

 



   
 

3 
 

 

 

 
Incomplete combustion is generally due to poor mixing of the air and fuel, insufficient residence time, 
insufficient temperature and low total excess air. Incomplete combustion (where there is not enough oxygen 
present) can lead to the formation of carbon or carbon monoxide. As a simple way of thinking about it, the 
hydrogen in the hydrocarbon gets the first chance at the oxygen, and the carbon gets whatever is left over. 
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The Ostwald diagram shows that there is no O2 presence in the combustion products. 
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If we assume a combustion that generates unburned hydrocarbons, in the form of C2H6 (10,000 ppm 
which is equivalent to 1%): 
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As expected, the presence of unburned hydrocarbons in them, products of combustion, slightly decreases 
the adiabatic temperature of the flame. 
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The presence of unburned elements makes the useful energy available in the furnace less. 
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