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Cleaner future engines thanks to better understanding of diesel spray 
behavior 

Currently, there is a staggering number of diesel powered vehicles on the road. This number will 
only increase with growing world population. Diesel engines are the primary choice for heavy-duty 
applications because of the unrivaled energy density of liquid fuels. I studied the behavior of diesel 
spray in the cylinders, in order to minimize undesired combustion products while maximizing fuel 
efficiency.  

One of the key elements in diesel engines is the behavior of a fuel spray, which is the subject of this 
thesis. High-pressure diesel is sprayed into the cylinders of the engine through tiny holes (nozzles), 
causing it to disperse into droplets, to evaporate, and to mix with ambient air. The mixture burns, 
which liberates heat but, unfortunately, also undesired combustion products. By understanding the 
process and influencing the parameters that we have control over, the undesired combustion 
products can be limited and fuel efficiency maximized. 

I did a detailed experimental study of a fuel spray's (short) life, for which dedicated test rigs at 
Eindhoven University of Technology, IFPEN, and Sandia National Laboratories were used. In all these 
test rigs, a large variety of pressure- and temperature-based, as well as optical and spectroscopic 
diagnostic techniques were used to understand fuel sprays. Diesel combustion has two stages. In the 
first stage the long hydrocarbon molecules are cut into pieces, and in the second, much hotter stage, 
those smaller pieces are burnt. The distribution of all the types of molecules that are created in the 
reactions in these two stages were studied and proven consistent when taking into account the 
subtle differences between the individual test setups.  

The work provides new insights in the mixing processes and soot formation for the two main studied 
aspects, which are both relevant for future engines: heavy-duty boundary conditions with very high 
pressures, and interaction of diesel spray and cylinder wall. The former is relevant because of the 
need for a high energy density fuel in heavy-duty transport. However, a more detailed understanding 
of the interaction between the flame and the wall is still necessary to fully utilize the engines 
potential. 

Future engine designs rely increasingly on computer simulations of the fluid-dynamics and 
combustion processes that take place inside the internal combustion engine. The results presented in 
this thesis can help with that. Our data can be used to validate, and aid in the development of 
computational models to accurately predict the relevant processes inside the engines. The results are 
already applied by Fiat in the development of computer models, and also other manufacturers have 
shown interest.  
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Figure 1. Artist impression of a reacting fuel spray that interacts with a flat wall, which is equipped with temperature sensor 
wires which are visible on the right. The red dots originate from a laser beam that passes through the liquid fuel spray to 
determine the injection duration. 


