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Exercise 6 (Steam Generator Boiler) 
 
From a steam generator (boiler) the following composition of combustion products is obtained on a 
wet basis: 
 

CO2 5.50 % 
CO 2.70 % 
O2, N2, H2O y H2 other 

 
Knowing that the fuel is (mass composition) methane (87%) and ethane (13%) and that the 
combustion products at its outlet are at 600ºC. 
The water enters at 25ºC and 11.00 MPa, leaving at 490ºC and 10.88 MPa 
 
Get: 
a) Influence of the coefficient of excess air on the adiabatic temperature of the flame 
b) The air / combustion products molar ratio 
c) The mass ratio of air / combustion products 
d) Excess air coefficient 
e) Energy balance 
f) Exergy balance 
g) Propose actions to improve the process 
 

 
 

   
 
Combustion boilers are widely used to generate steam for industrial applications and power generation. 
While all kinds of energy sources - fossil fuels, biomass, nuclear and solar energy, electricity - can be used 
to generate heat and steam, the scope of this brief is limited to combustion boilers using fossil fuels. Boilers 
can be grouped into two broad categories: water-tube boilers and fire-tube boilers. In the water-tube boilers, 
tubes containing water are heated by combustion gases that flow outside the tubes, while in the firetube 
boilers hot combustion gases flow inside the tubes and water flows outside. 
Boilers account for a significant share of industrial energy consumption and are the key components in 
power generation and industrial plants. 
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The peak adiabatic flame temperature occurs at around λ = 1 in an ideally insulated combustion chamber. 
Figure is a typical graph of flame temperature for a natural gas–air mixture. As percent combustion air 
increases, that is, as we deviate from the stoichiometric condition, some of the heat generated is used to 
heat up the excess air. As a result, the flame temperature will drop. By the same token, it is important to 
note that increasing the fuel at stoichiometric conditions will reduce the flame temperature as is indicated by 
the left-hand side of the temperature peak in Figure. Therefore, under controlled conditions, flame 
temperature can be a useful measure of air-fuel ratio, that is, how far we deviate from stoichiometric 
conditions and whether the combustion is fuel-lean or fuel-rich. 
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Water gas shift is a well-known reaction in which carbon monoxide reacts with steam to give carbon dioxide 
and hydrogen, representing an important step in the industrial production of hydrogen. Here, water and 
carbon monoxide molecules react to generate hydrogen and carbon dioxide. From the thermodynamics 
aspect, pressure does not have an impact, whereas low-temperature conditions are suitable for high 
hydrogen selectivity because of the exothermic nature of the WGSR reaction. 
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Combustion is generated with the presence of a large number of unburned. 
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The main reason for the low efficiency, both thermal and exergetic, is the low temperature reached by the 
combustion products (the combustion chamber working adiabatically), 964ºC. The temperature margin to 
generate useful heat is small (964-600 = 364ºC), requiring 0.0281 kg fuel / kg water..   
 

 
 
The temperature of 600ºC is the exit temperature of the combustion fumes to the environment, it does not 
seem very appropriate to consider it as the equilibrium temperature of the combustion process, this 
temperature should be the adiabatic temperature of the flame or close to it. 
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We redo the calculations for an equilibrium temperature of 1500ºC (it will be verified that the adiabatic 
temperature is 1525ºC), verifying that it is close to the adiabatic temperature of the flame, without exceeding 
it. 
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The unburned decrease drastically. 
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Fuel consumption decreases. 
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If we decrease the expulsion temperature of the gases into the atmosphere: 

  
 

 
 

Fuel consumption continues decreasing. 
 

It can be seen that the efficiencies, thermal and exergy, continue to increase. As expected, the energy and 
exergetic losses due to the chimney fumes expelled into the environment are drastically reduced. This 
increases the thermal performance considerably. However, the irreversibilities in the heat exchanger 
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increase (from 34% to 43%), as the thermal jump in it increases (1500-200 = 1300ºC), which causes that 
the exergetic efficiency hardly increases. 

 

 
 

 
 

If we now use the heat of the combustion gases to generate water vapor at 490 ºC, we are making better 
use of the energy put into play and the exergetic efficiency should increase: 
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In this case, the energy analysis shows us that to maintain thermal efficiency it is necessary to increase 
fuel consumption. 
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