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ABSTRACT 

The direct injection (DI) diesel engine exhibit best fuel economy alongwith lower 

engine exhaust gas emissions. Hence, it is emerging as the engine of the future. In-

cylinder optimization is the effective way of reducing the overall emission from diesel 

engine. This research work focuses on the different combustion system parameters 

analysis and its effect on engine performance, emission and combustion 

characteristics. 

Chapter 2 summarizes the available literature and their applicability in the context of 

combustion process in modern engines. This chapter also highlights the need for 

research, methodology adopted and objectives based on analysis of extensive 

literature survey. The use of mathematical modeling and the parametric simulation not 

only save the time and cost but also helps in conducting the more appropriate 

experimental analysis. Chapter 3 describes the one dimensional thermodynamic 

mathematical modeling used for the engine performance and emission prediction, 

whereas the three dimensional computation fluid dynamic mathematical model has 

been used for the mixture formation and emission optimization study. 

The experimental set up which was developed to carry out comprehensive 

investigation on modem experimental engines are briefly covered in chapter 4. 

Chapter 5 elaborates the detailed analysis carried out for injector inclination, injection 

rate shaping, injection timing, nozzle tip protrusion, nozzle orifice size, spray cone 
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angle, combustion chamber and exhaust gas recirculation (EGR) as a part of 

evolutionary combustion strategy. The methodology has been also developed for the 

identification of EGR mal-distribution. The study has been successfully implemented 

on a wide variety of off high application heavy duty engines for meeting the April 

2011 emission norms. The performance, combustion and emission analysis had been 

done for the alternative fuel like bio-diesel and SVO to identify their prospect for the 

future emission norms. The work also focuses on achieving the ultra low NOx 

emission for constant speed application of compression ignition engine. 

Finally the important conclusions arrived during the research work are elucidated in 

Chapter 6 and scope for future work is conceived. The different combustion strategies 

developed during the research work has been implemented on the heavy duty off-

highway application water cooled and air cooled engines of different bore and stroke 

to meet the April 2011, BS III Indian Emission norms. The engines are in used for 

more than 50 different off-highway applications and emitting 40 to 50 percent less 

emission compare to old engines. The research work carried out on bio-diesel and 

SVO helped in designing the power generating sets for the different blends of bio-

diesel and SVO oil. The power generating sets runs on different blends of bio-diesel 

and B100 are serving as a "Kirloskar Green" solution for the 15 kVA to 600 kVA. 

The special power generating sets has been build for the SVO and handover to the 

Indo-German NGO for the rural areas of India, where the power is still beyond the 

reach. The new combustion strategies proposed for the ultra low NOx emission could 

be used for meeting the emission norms beyond 2015 for constant speed heavy duty 

engines. Such a study is expected to pave the way for the design and development of 

fuel efficient and low emission diesel engines. 
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