


























































































































































































 

 

 

 

 

 

 

CHAPTER FOUR 



  

Combustion Processes 

4.1 Analysis of Combustion Products: 

‘Fuel’ refers to a combustible substance capable of releasing heat during its combustion. In general fuels 

have carbon, hydrogen and sulphur as the major combustible chemical elements. Sulphur is found to be  

relatively less contributor to the total heat released during combustion. Fuels may be classified as solid,  

liquid and gaseous fuel depending upon their state. 

Solid fuel: Coal is the most common solid fuel. Coal is a dark brown/black sedimentary rock derived 

primarily from the unoxidized remains of carbon-bearing plant tissues. It can be further classified into 

different types based upon the composition. Composition can be estimated using either “proximate 

analysis” or by “ultimate analysis”. Proximate analysis is the one in which the individual constituent 

element such as C, H2, S, N2 etc. are not determined rather only fraction of moisture, volatile matter, 

ash, carbon etc. are determined. 

Liquid fuels: Fuels in liquid form are called liquid fuels. Liquid fuels are generally obtained from 

petroleum and its by-products. These liquid fuels are complex mixture of different hydrocarbons, and 

obtained by refining the crude petroleum oil. Commonly used liquid fuels are petrol, kerosene diesel, 

aviation fuel, light fuel oil, heavy fuel oil etc. 

Gaseous fuels: These are the fuels in gaseous phase. Gaseous fuels are also generally hydrocarbon fuels 

derived from petroleum reserves available in nature. Most common gaseous fuel is natural gas. Gaseous 

fuels may also be produced artificially from burning solid fuel (coal) and water. Some of gaseous fuels 

produced artificially are coal gas, producer gas etc. 

For combustion calculations the air is considered to be comprising of nitrogen and oxygen in following 

proportions. Molecular weight of air is taken as 29. 

Composition of air by mass = Oxygen (23.3%) + Nitrogen (76.7%) 

Composition of air by volume = Oxygen (21%) + Nitrogen (79%) 

Wet and dry analysis of combustion: Combustion analysis when carried out considering water vapour into 

account is called “wet analysis” while the analysis made on the assumption that vapour is removed after 

condensing it, is called “dry analysis”. 

Volumetric and gravimetric analysis: Combustion analysis when carried out based upon percentage by 

volume of constituent reactants and products is called volumetric analysis. 

Combustion analysis carried out based upon percentage by mass of reactants and products is called 

gravimetric analysis. 



4.2 Combustion Equations: 
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4.3 Stoichiometric Air - Fuel Ratio (A/F): 
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4.4 Analysis of Experimental Combustion Products: 

 

Flue gas analysis refers to the determination of composition of exhaust gases. Flue gas analysis 

can be done theoretically and experimentally. Here experimental method of flue gas analysis is 

described. Various devices available for measuring the composition of products of combustion 

(flue gas) are Orsat Analyzer, Gas chromatograph. Infrared analyzer and Flame ionisation 

detector etc. Data from these devices can be used to determine the mole fraction of flue gases. 

Generally this analysis is done on dry basis which may also be termed as “dry product analysis” 

and it refers to describing mole fractions for all gaseous products except water vapour. 

 

Orsat analyzer: It is also called as Orsat apparatus and is used for carrying out volumetric 

analysis of dry products of combustion. Schematic of apparatus is shown in Fig.10.3 It has three 

flasks containing different chemicals for absorption of CO2, O2 and CO respectively and a 

graduated eudiometer tube connected to an aspirator bottle filled with water. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
Fig. 4.1 :   Orsat analyzer 



 

Flask I is filled with NaOH or KOH solution (about one part of KOH and 2 parts of water by 

mass). This 33% KOH solution shall be capable of absorbing about fifteen to twenty times its 

own volume of CO2. Flask II is filled with alkaline solution of pyrogallic acid and above KOH 

solution. Here 5 gm of pyrogallic acid powder is dissolved in 100 cc of KOH solution as in 

Flask I. It is capable of absorbing twice its own volume of O2. Flask III is filled with a solution 

of cuprous chloride which can absorb CO equal to its’ volume. Cuprous chloride solution is 

obtained by mixing 5 mg of copper oxide in 100 cc of commercial HCl till it becomes colorless. 

Each flask has a valve over it and C1, C2, C3 valves are put over flasks I, II and III. All the air 

or any other residual gas is removed from eudiometer by lifting the aspirator bottle and opening 

main value. The flue gas for analysis is taken by opening the main valve (three way valve) 

while valves C1, C2 and C3 are closed. 100 cc of flue gas may be taken into eudiometer tube by 

lowering aspirator bottle until the level is zero and subsequently forced into flasks for absorbing 

different constituents. Aspirator bottle is lifted so as to inject flue gas into flask I with only 

valve C1 in open state where CO2 present shall be absorbed. Aspirator bottle is again lowered 

and reading of eudiometer tube taken. Difference in readings of eudiometer tube initially and 

after CO2 absorption shall give percentage of CO2 by volume. Similar steps may be repeated 

for getting O2 and CO percentage by volume for which respective flask valve shall be opened 

and gas passed into flask.  

Thus Orsat analyzer directly gives percentage by volume of constituents. In case of other 

constituents to be estimated the additional flasks with suitable chemical may be used. The 

remaining volume in eudiometer after absorption of all constituents except N2 shall give 

percentage volume of N2 in flue gas. As in combustion of hydrocarbon fuel the H2O is present 

in flue gases but in orsat analysis dry flue gases are taken which means H2O will be condensed 

and separated out. Therefore the percentage by volume of constituents estimated shall be on 

higher side as in actual product H2O is there but in dry flue gas it is absent. Orsat analyzer does 

not give exact analysis. 

 
 
 



 

4.5 Internal Energy and Enthalpy of Reaction: 
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Example 1: Calculate the theoretical air/ fuel ratio (A/F Stoichiometric)  for 
completely burned hexane fuel (C6H14) . Then calculate the actual air/ fuel 
ratio (A/F Actual)  and wet volumetric analysis of the combustion products in 
both cases :  

a) Excess air 20%. 
b) 80% from the theoretical air. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

  

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Example 2: 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Example3: 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Example 4: 

 Example 5: 



 

Example 6: The combustion enthalpy  of liquid heptane (C7H16) fuel is equal to (-44560 
kJ/kg) at (25 °C) when the water is in steam products. We burn this fuel with constant 
pressure, regular generation , and true stoichiometric percent . If the temperature of fuel 
and air is at (15°C) at beginning  and the temperature of  products  is (2050 °C). Calculate 
the heat transferred from burning the heptane fuel. Take the specific heat of liquid 
heptane (2.3 kJ/kg.K). 

 



Example 7: A cylinder contains a mixture of gasoline and air and the ratio of air to fuel is 
(A/F= 15/1) at 300 ° C. The internal energy of gasoline is equal (∆U₀=-406100 kJ/mole)  at 
(25 °C ). when the full combustion is at constant pressure and the temperature of the 
products  is (3250 ° C). Calculate the heat transferred from the combustion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


