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New computer models for advanced design of clean combustion energy 

Combustion is utilized on a large scale in industry and daily life. Examples include domestic and 
industrial boilers, furnaces, piston- and gas turbine engines. In most parts of the world, 
combustion of fossil and renewable fuels remains indispensable at the current state of the energy 
transition. Therefore, improving the design of combustion technologies has a significant 
sustainability impact. 

Current research and development of energy conversion by combustion is attempting to inch 
towards a higher efficiency while complying with increasingly stricter regulations for pollutant 
emissions. The pollutants, being harmful and toxic byproducts of combustion, make up only a very 
small fraction of the exhaust gases. The mechanisms of their formation are complex and are 
understood to a lesser degree than the global process of combustion. Due to that, further progress in 
reduction of pollutants emissions forms a serious challenge for the developers, especially considering 
that the regulations continue to get stricter while the trivial solutions have already been 
implemented. 

To deal with these challenges, a current trend for the design process of combustion devices is to 
heavily rely on instruments based on complicated mathematical modeling. These instruments are the 
computer simulation tools that can be used to predict, understand and eventually improve the 
combustion processes. In addition, these tools, when combined with the experimental research, 
drastically reduce the development costs. In the future, computer simulation tools may become a 
decisive factor to enable efficient and clean combustion technologies. 

One of the main ingredients for computer simulations of entire complex combustion devices is a 
method for chemistry reduction. It is intended to simplify the complex reaction mechanism in the 
model and to reduce the associated computational cost. My PhD research focused on the chemistry 
reduction method Flamelet Generated Manifold (FGM), that has been introduced here at the TU/e in 
the early 2000s and by this time became the industry-wide standard for chemistry reduction. The 
research on the FGM method has continued ever since at the TU/e as well as in other academic and 
industrial organizations. In the past years, the FGM method has shown to perform very well, 
capturing most of the important flame characteristics. 

Nevertheless, there was a challenge to the method’s performance arising under conditions of 
strongly coupled interactions between chemistry and rapid physical processes of mixing, heat loss 
and pressure variations. These processes are encountered for example in a turbine of an aero-
engine, during the expansion stroke of a piston engine or when flames interact with cold walls. 
Initially, in the FGM method it was assumed that the response of the chemistry to (a part of) these 
processes occurs infinitely fast. This assumption especially affected the prediction of pollutants, e.g. 
carbon monoxide and nitric oxide. In my PhD research, I have successfully developed and validated 
FGM methods that can be employed under conditions where this assumption is not valid. Namely, 
these methods allow to include an additional chemical degree of freedom accounting for the 
previously neglected finite rate response of the chemistry to the aforementioned physical processes.  

Applying the new methods, the accuracy of pollutants predictions with the FGM was improved by 
roughly an order of magnitude, while the computational cost remained just a fraction of a percent of 



 

that of the complex reaction mechanisms. The developed methods can be directly applied for the 
design of combustion devices, yielding improved predictions of emissions. By now, the industrial 
companies Rolls-Royce and Bosch showed interest in adopting the developed methods for the design 
of aero-engines and domestic boilers. We hope, that the current achievements can be built upon by 
future researchers to develop a highly accurate, fully adaptive and automated simulation tool, that 
will require very little user input or prior knowledge while being capable of simulating combustion 
devices of arbitrary complexity; a tool which is much desired by industry. 
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