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Abstract– In this literature, a combined method has been employed to simultaneously reduce 
smoke (Soot) and oxide of nitrogen (Nox) and maintain the performance parameters of diesel 
engine. This includes creating an air jet by designing an air-cell inside the piston body, advanced 
injection timing and using cold exhaust gas recirculation. The tested engine was an MT4.244 
engine that worked as natural aspiration. The air-cell causes reduction in both Soot and NOx 
emissions. Furthermore, applying cold EGR had a noticeable effect on NOx emission reduction. 
Advancing injection timing, the performance parameters of the engine could be improved. The 
tests were done in 25%, 50%, 75% and 100% load conditions, for the engine speed of 2000 rpm. 
The results showed that by simultaneous reduction of Soot and NOx emissions, performance 
parameters can be kept in a suitable range. The greatest reductions in NOx and Soot emissions 
have been observed in 100% load. There have been no considerable changes in BSFC (Brake 
Specific Fuel Consumption and power) while injection timing advances have been applied for 
5°	CA and 5% EGR.           

 
Keywords– Air-cell, emissions, performance, DI diesel engine, nature aspiration, cold EGR, injection timing  
 

1. INTRODUCTION 
 

The main parts of the generated emissions in CI engine are Soot and NOx [1]. Due to the contrasting 
behavior of generating the two emissions [2] and effect of these pollutants control on engine’s 
performance, a comprehensive view to the generating factors and behavior of these emissions in the 
combustion chamber is necessary. So far, many researches have been done to reduce Soot and NOx 
emissions simultaneously. Kawazoe et al [3] reduced a significant amount of the exhaust smoke through 
injecting air into the combustion chamber of the CI engine with a plunger pump, but this caused power 
loss in the engine. Gunabalan et al [4] studied fuel injection timing and EGR application on emissions and 
performance parameters. Nagano et al [5] reduced a significant amount of Soot and NOx emissions 
through creating an air jet with a compressed air generator. Jafarmadar et al [6-7] decreased the amount of 
Soot and NOx emissions in DI and IDI diesel engines by splitting the injection schemes. Khalilarya et al 
[8] studied the high rate of EGR and fuel injection pressure rise on Soot and NOx emissions behavior in a 
DI diesel engine. In an experimental work, Foster and Choi [9] studied the effect of mixing improvement 
on emissions by injecting high-pressure nitrogen gas and carbon dioxide jet into the combustion chamber 
in a DI diesel engine. Reitz et al [10] showed that applying exhaust gas recirculation along with multiple 
injections would cause a sharp decrease in Soot and NOx emissions with no negative effect on brake 
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