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Abstract This work analyses the effect of the variability of the chemical composition and 

calorific power of refinery gases in the combustion process of furnaces using Computational Fluid 

Dynamics (CFD), which is a technique that has been proven useful to obtain detailed information 

about the operation of furnaces.  
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INTRODUCTION 

In the different processes carried out in the oil refining industry, mixtures of waste 

gases are produced commonly known as “refinery gases”. Most of the time, these gases are 

used as fuel in different equipment such as furnaces, boilers or industrial burners, with the 

intention of saving energy and avoiding additional storage costs. Nevertheless, the chemical 

composition of refinery gases varies depending on the process from which they are 

produced and their calorific power can present a variation as much as 1000 Btu/ft
3
, which 

causes important changes in the combustion process. This effect can be studied using CFD 

simulations.   

 

FORMULATION OF THE PROBLEM 

The mathematical models used to calculate the flow inside the furnace are based on 

the Reynolds-Average-Navier-Stokes (RANS) steady-state equations that contain mass, 

energy, chemical species and momentum. It was necessary to select mathematical models to 

solve turbulence, chemical reaction (combustion) and heat transfer(radiation) equations. In 

these simulations, the model selected to account for turbulence was the two-equation 

standard k-ε, which is the most used turbulence model in CFD, the model selected to solve 

combustion reaction was the PDF-mixture fraction, which is used for non-premixed 

combustion cases and the model selected to account for radiation was the Discrete Ordinate 
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model, the most robust and widely used radiation model in CFD. For more information 

about the mathematical models, please consult [1], [2], [3]. 

 

RESEARCH ANALYSIS 

The configuration of the furnace in this study is typical box type with floor burner. 

Since the furnace and the burner are symmetric, a Two-dimensional approach can be used in 

order to reduce computational costs.  

Comparative Two dimensional CFD simulation cases are carried out with fuels of 

different composition. The first case with natural gas (100% methane), second case a 

mixture with moderate propane content (>16%) and the third case a mixture with high 

propane content (>%35), obtaining temperature and CO mass fraction contours inside the 

furnace, which are compared to stablish the effect on temperature distribution and complete 

combustion. 

 

CONCLUSIONS  

 The simulation of the first case showed the highest maximum temperature inside the 

furnace and the lowest CO mass fraction, that is that the combustion was complete. On the 

other hand, in the second and third case the combustion is incomplete and more CO is 

produced. This indicates that the combustion process is not efficient and needs to 

readjustment. The results are very important to stablish a starting point in the improvement 

of furnaces efficiency when using mixture gases.   
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