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(λ >1) 
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(λ<1) 

a b 

 
Above reaction equation has five unknowns (a, b, d, e, f) and we only have 

four atom balance equation (C, H, O, N), so cannot solve for the unknowns 

unless additional information about the products is given. 
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Major and minor species of combustion products 
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First Law Analysis for Reacting System 
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Enthalpy of Reaction  

Heat of Formation 
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Enthalpy Scale for a Reacting System 
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Heat of Combustion  
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Heat of Combustion, graphical 
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Internal Energy of Combustion 

Accordingly, the following expression can be written to relate of ∆U and ∆H: 

H = U + pV 
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Relation of Heating Value with ∆U and ∆H 
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For an adiabatic constant-volume 

combustion process, Q = 0: 

For an adiabatic constant-pressure 

combustion process, Q = 0: 
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In practice, the exhaust gas of an internal combustion engine contains 

incomplete combustion products (e.g., CO, H2, unburned hydrocarbons, 

soot) as well as complete combustion products (CO2 and H2O) .  

Because a fraction of the fuel's chemical energy is not fully released inside 

the engine during the combustion process, it is useful to define a 

combustion efficiency. 

The engine can be analyzed as an open system which exchanges heat and 

work with its surrounding environment (the atmosphere), see Figure below:  

• Reactants (fuel and air) flow into the system;  

• Products (exhaust gases) flow out.  

• Consider a mass m passes through the control volume surrounding engine. 

The net chemical energy release due 

to combustion within the engine is 

given by: 

Combustion Efficiency in ICEs 
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Hence, the combustion efficiency is the fraction of the fuel energy supplied 

which is released in the combustion process-is given by: 

The amount of fuel energy supplied to the control volume around the engine 

which can be released by combustion is                . 

Note that      and      could be replaced 

by the average mass flow rates      and 

     .  

Enthalpy is the appropriate property, since                         .  

Combustion Efficiency in ICEs 


