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ABSTRACT 
 
Global warming and the ever-increasing content of pollutants in the atmosphere force many 

governments to limit emissions. The use of methane as a fuel is widespread in the boiler industry, 

due to its low pollutant levels; nevertheless, in the combustion process, nitrogen and oxygen bind 

giving rise to a series of molecular compounds called NOx. These compounds are considered 

pollutants because they react in the atmosphere causing the production of acid rain and reducing the 

level of ozone [1]. The aim of this research is to investigate new numerical design methodologies 

that allow to obtain innovative technologies with low environmental impact. In particular, given the 

complexity of the phenomena under examination, it was decided to use an approach based on 

computational fluid dynamics (CFD); this provides the designer with a large amount of data which, 

unfortunately, is often difficult to interpret. This difficulty has repercussions on the proposals for 

"improvement" of the components. A possible solution is to couple the CFD with optimization 

techniques, which allow to automatically modify the shape of the components, to improve aspects of 

particular interest, such as mixing, pressure losses and combustion. The objective is to increase the 

efficiency of the boiler and reduce the formation of NOx, applying a strategy for optimizing the 

shape of the various components. The new geometries optimized with numerical analysis will then 

be manufactured and validated with experimental campaigns. 
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