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Abstract

In this paper, a numerical Computational Fluid Dynamics (CFD) study is carried out with the purpose of understanding how the
injector design may impact on the in-cylinder processes, which cause noise emission. This study is based on a combination of
the gasoline partially premixed combustion concept with a new high speed direct injection 2-stroke engine, which emerges as
a promising solution able to comply with nitrous oxides and particulate matter emissions standards, while ensuring combustion
control and stability. The original engine configuration is varied by modifying the included spray angle and the number of injector
nozzles in order to evaluate other design solutions for mitigating combustion noise. Results show that the maximum pressure
time-derivative achieved during the combustion is the most influential parameter on the acoustic response of the in-cylinder noise
source. However, they also evidence that for some operation conditions the resonance phenomena can enhance their contribution,
thus playing a relevant role in the engine noise level. Further analysis allowed to identify three combustion-related parameters,
which characterize this phenomenon and allow identifying key paths to minimize its levels.
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1. Introduction1

In the last decade, adverse effects of the global warming2

have increased considerably, raising the concern about the envi-3

ronmental contamination and its consequences to life on Earth.4

In this context, at the Paris climate conference (COP21), 1955

countries adopted a universal and legally-binding global cli-6

mate deal [1]. Governments agreed on keeping the annual in-7

crease in global average temperature below 2oC. Consequently,8

they should scale up their efforts and support actions to reduce9

emissions, especially in terms of carbon dioxide (CO2). In ad-10

dition, other exhaust emissions, such as nitrous oxides (NOx) or11

particulate matter (PM), are strictly controlled for their negative12

impact on human health [2].13

The transport sector represents nearly 26% of the total CO214

emissions. In particular, the passenger cars segment is the largest15

source of both greenhouse and pollutant emissions in vehicles.16

Hence, the engine manufacturers have been forced to develop17

advanced systems to ensure fulfillment of the pollutant emis-18

sions standards, while improving engine performance, and there-19

fore CO2 emissions. Nowadays the advanced systems technol-20

ogy present in the compression ignition (CI) diesel engines and21

spark ignition (SI) engines for automotive applications have be-22

come really complex and expensive. In both engine concepts23

NOx and PM emissions can be mitigated by a combination of24

close control of the combustion process with the newest ex-25

haust after-treatment solutions. However, these passive solu-26
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tions worsen fuel consumption and increase engine costs, com- 27

promising both compliance with CO2 emissions levels and cus- 28

tomers’ purchasing decision. 29

Advanced low temperature combustion (LTC) concepts arise 30

as a solution to reduce after-treatment costs and fuel consump- 31

tion. They have been thoroughly investigated for their advan- 32

tage in reducing NOx and soot emissions simultaneously. In 33

Diesel homogeneous charge compression ignition (HCCI) or 34

premixed charge compression ignition (PCCI), fuel is ignited 35

in highly premixed conditions to avoid soot formation, whereas 36

NOx production is inhibited by decreasing the local tempera- 37

tures with large amounts of exhaust gas recirculation (EGR) [3, 38

4]. The main issues with these concepts concern the over-mixed 39

blend and the liquid fuel impingement on the cylinder/piston 40

walls, which increase the unburned hydrocarbons (HC) and car- 41

bon monoxide (CO) emissions [5, 6]. Newest combustion con- 42

cepts, such as gasoline partially premixed combustion (PPC) 43

operate with partially premixed charges, between completely 44

premixed and fully diffusive conditions. Investigations have 45

confirmed the suitability of this combustion concept to achieve 46

really low emissions of both NOx and soot particulates, while 47

keeping the engine indicated efficiency. [7, 8]. 48

The main drawback of the gasoline PPC concept resides in 49

controlling the combustion phasing with the injection. Con- 50

trary to the conventional diesel combustion (CDC), the injection 51

event alone does not ensure ignition, because the start of com- 52

bustion mostly depends on the local thermodynamic conditions 53

inside the chamber. This fact leads to a reduced load opera- 54

tion range between high-sharp combustions (knock) and unsta- 55

ble combustions (misfire). Nevertheless, there is evidence that 56

Preprint submitted to Applied Thermal Engineering February 24, 2017

rinoro@mot.upv.es


Download	English	Version:

https://daneshyari.com/en/article/4991313

Download	Persian	Version:

https://daneshyari.com/article/4991313

Daneshyari.com

https://daneshyari.com/en/article/4991313
https://daneshyari.com/article/4991313
https://daneshyari.com/

