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Exercise 1 
0.1 kg/s of liquid fuel formed by a volumetric mixture of isooctane (80%) and benzene (20%), burns 
with an excess of air of 10%. Knowing that fuel and air enter at 25ºC and 100 kPa and combustion 
products know at 1727ºC and 100 kPa. The molar ratio CO2/CO = 5 and the presence of H2 (g) is 
observed in the combustion products. 
Carry out a mass and thermodynamic analysis of the combustion process. 
 

 
 

 
 
Incomplete combustion can occur in rich, lean, or stoichiometric mixtures. In any case, the resolution of the 
problem can be faced with the previously seen procedures of balance of atomic species and the laws of 
stoichiometry. Two cases of incomplete combustion that are commonly applied in the operation of thermal 
plants will be studied: Kissel Combustion, in which the unburned are CO and H2, and Ostwald Combustion, 
in which there is only one unburned, the CO. For both cases there are graphic solutions that allow a quick 
evaluation of the global conditions of combustion, the efficiency of combustion and the production of 
environmental pollutants. These diagrams can be used to monitor a combustion installation. Large boilers, 
for example, have instruments to analyze combustion gases. 
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The hydrocarbon compounds of category C6, C7, C8 and higher, must be at high temperatures and 
pressures to keep them in a gaseous state. 
 

 
 

 
 

The stable reference environment is defined according to the temperature and pressure conditions of the 
standard natural environment, that is, 25ºC and 1 atm. 
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The air-to-fuel ratio is the mount of air needed to completely burn a specific amount of fuel. To determine it, 
we begin by including the 3.76 kmols of nitrogen that accompany each kmol of oxygen in the combustion 
equation. This is done by recognizing that the stoichiometric coefficient for nitrogen is always 3.76 times the 
stoichiometric coefficient of oxygen. Since, in our model, the nitrogen does not take part in the combustion 
reaction, it usually has the same coefficient on both sides of the reaction equation. 
 
Stoichiometric combustion means that Fr = 1.0. Excess fuel produces a rich mixture (Fr > 1) and excess air 
is a lean mixture (Fr < 1), the lean mixture is preferred to ensure none of the fuel escapes in an unburnt 
state. 
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Carbon monoxide (CO) is produced when combustion reactions are not fully completed, either through lack 
of oxygen or due to low mixing. Carbon monoxide is a colorless and odorless gas. All combustion sources, 
including motor vehicles, power stations, waste incinerators, domestic gas boilers, and cookers, emit carbon 
monoxide. Carbon monoxide is not poisonous but has a temporary effect on the human respiratory system. 
High concentrations of CO can cause physiological and pathological changes and ultimately death. 
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Enthalpy of formation is the enthalpy change when one mole of substance is formed from its elements in 
the standard state. By definition, enthalpy of combustion is the enthalpy change (or energy released) when 
one mole of substance is completely burnt in excess oxygen. 
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The compressibility factor Z is defined as the ratio of the actual volume to the volume predicted by the ideal 
gas law at a given temperature and pressure. If the compressibility factor is less than 1 then, the gas will 
show negative deviation and it will be more compressible than expected. 
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The adiabatic flame temperature is the maximum temperature of the combustion gas that can be reached 
by the combustion reaction under the no heat loss to the surroundings in the adiabatic condition. Especially, 
the theoretical maximum temperature assuming no thermal dissociation and complete combustion is called 
the adiabatic theoretical flame temperature.  
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Combustion efficiency measures the presence of unburnt elements in the combustion process. 

 
 

 
 
The efficiency of the combustion chamber is the ratio between the energy obtained in the combustion 
process (present in the combustion products) and the heating value of the fuel. 
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The entropy generation associated with irreversible phenomena and based on the Second Law of 
Thermodynamics is of considerable importance in the fields of engineering sciences. Different phenomena 
give rise to entropy generation, such as heat transfer through finite temperature gradients, heat transfer 
characteristics, and effects of fluid viscosity. 
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Combustion products contain CO and molecular hydrogen H2 (Kissel combustion). The Kissel diagram 
allows the combustion mass balance to be carried out quickly and effectively, and to obtain its characteristic 
parameters. The data required by the program are the same as for the Ostwald option, apart from the 
temperature. 
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Grebbel diagram shows a family of lines with focus at (0,1) whose intersection with the Grebbel line defines 
the excess air. In this diagram is shown the Grebbel line and constant excess air lines for complete 
combustion. 
 
Some sensitivity analyses are performed below: 
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