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In this work different internal and external EGR strategies, combined with extreme Miller cycles, were analyzed by means of a one dimensional CFD simulation code for a Wartsila 6 cylinder, 4 strokes, medium speed marine diesel engine, to evaluate their potential in order to reach the IMO Tier 3 NOx emissions target.
By means of extreme Miller cycles, with Early Intake Valve Closures (EIVC up to 100 crank angle degrees before BDC), a shorter compression stroke and lower charge temperatures inside the cylinder can be achieved and thanks to the cooler combustion process, the NOx specific emissions can be effectively reduced. EIVC strategies can also be combined with reductions of the scavenging period (valve overlap) to increase the amount of exhaust gases in the combustion chamber.  However, the remarkably high boost pressure levels needed for such extreme Miller cycles, require mandatorily the use of two stage turbocharging systems. 
Despite two stages turbocharging, combined with extreme Miller timings, may allow up to 50% NOx reduction compared to a conventional, single stage turbocharger architecture, further NOx emissions reductions are necessary to meet  the IMO Tier 3 NOx limit. Higher EGR percentages, which could be achieved by means of external circuits, were therefore also  evaluated.
However, it should be pointed out that, although the external EGR technology is well established for automotive and heavy duty diesel engines, it is not yet state of the art for marine diesel engines, and its application to a highly boosted engine using extreme Miller timings is not straightforward.  
Several different complex EGR routes were thus investigated, and for the preliminary assessment of their NOx emissions abatement potentialities, the use of numerical simulation  allowed  a detailed and extensive evaluation of the effects on engine performance, fuel consumption, NOx emissions and thermal and mechanical loads on engine components of the combination of different intake valve profiles, intake valve closure timings and scavenging periods with different external exhaust gas recirculation solutions.
Percentages of exhaust gases recirculated in the combustion chamber up to 20% were evaluated that combined with extreme Miller timings (up to 100 crank angle degrees before BDC) allowed up to 90% NOx reduction compared to a conventional, single stage turbocharger architecture, with only moderate BSFC increase.
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				In this work different internal and external EGR strategies, combined with extreme Miller cycles, were analyzed by means of a one dimensional CFD simulation code for a Wartsila 6 cylinder, 4 strokes, medium speed marine diesel engine, to evaluate their potential in order to reach the IMO Tier 3 NOx emissions target.
By means of extreme Miller cycles, with Early Intake Valve Closures (EIVC up to 100 crank angle degrees before BDC), a shorter compression stroke and lower charge temperatures inside the cylinder can be achieved and thanks to the cooler combustion process, the NOx specific emissions can be effectively reduced. EIVC strategies can also be combined with reductions of the scavenging period (valve overlap) to increase the amount of exhaust gases in the combustion chamber.  However, the remarkably high boost pressure levels needed for such extreme Miller cycles, require mandatorily the use of two stage turbocharging systems. 
Despite two stages turbocharging, combined with extreme Miller timings, may allow up to 50% NOx reduction compared to a conventional, single stage turbocharger architecture, further NOx emissions reductions are necessary to meet  the IMO Tier 3 NOx limit. Higher EGR percentages, which could be achieved by means of external circuits, were therefore also  evaluated.
However, it should be pointed out that, although the external EGR technology is well established for automotive and heavy duty diesel engines, it is not yet state of the art for marine diesel engines, and its application to a highly boosted engine using extreme Miller timings is not straightforward.  
Several different complex EGR routes were thus investigated, and for the preliminary assessment of their NOx emissions abatement potentialities, the use of numerical simulation  allowed  a detailed and extensive evaluation of the effects on engine performance, fuel consumption, NOx emissions and thermal and mechanical loads on engine components of the combination of different intake valve profiles, intake valve closure timings and scavenging periods with different external exhaust gas recirculation solutions.
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					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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