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A B S T R A C T

The study delves into the aerosolization process of fuel flow in combustion engines with the aim of adjusting the 
droplet size distribution to optimize combustion. While smaller droplets offer advantages in better evaporation 
and combustion, the research nullifies their benefits in enclosed engine environments. Simulating the consecu
tive processes of fuel injection, droplet formation and breakup, combustion, and pollutants’ production and 
motion within a Reactivity Controlled Compression Ignition (RCCI) engine highlights that the production of 
excessively fine droplets (below 25 µm Sauter mean diameter) requires a sudden increase in injection pressure, 
raising the risk of some high-momentum droplets escaping combustion and adhering to engine surfaces. More
over, the combustion initiates earlier while injection is still in progress, and upstream droplets combust at larger 
sizes without sufficient time to fragment. These phenomena diminish engine efficiency, escalate emissions of 
volatile organic compounds, and yield economic detriments. In light of these findings, the study postulates that 
neither excessively fine nor large droplets are ideal for combustion, and uniformity in fuel droplet size distri
bution is the key in efficient combustion. Regarding this, to generate more homogeneous and sufficiently small 
droplets, the study reveals two pivotal characteristics for injection pressure function: a continuous increase 
combined with specific number of vibrations, leading to an increasing oscillatory function. This discovery is 
evaluated through a comprehensive framework encompassing energy, exergy, environmental impact, and eco
nomic considerations. Not only does it enhance power efficiency and reduce VOC emissions, but it also yields 
more irreversibility, opening opportunities for more waste heat recovery. These advantages can lead to signif
icant improvements in overall engine performance and efficiency.

1. Introduction

1.1. Literature review

In the contemporary context, given the prevalence of respiratory 
diseases and the importance of reducing greenhouse gas emissions, there 
is a palpable need to achieve internal combustion engines with higher 
efficiency. This imperative for enhanced efficiency has led light and 
heavy-duty vehicle manufacturers more than ever to focus on 
Compression Ignition (CI) engines due to their superior combustion ef
ficiency. Nevertheless, controlling particulate matter and nitrogen ox
ides remains a significant challenge for CI engines. Furthermore, recent 
regulations have been enacted to reduce carbon dioxide (CO2) emissions 
and fuel consumption in vehicles [1]. Consequently, to optimize 

environmental and economic costs, research has been conducted to 
simultaneously reduce pollutants while maintaining high engine effi
ciency. This has led to the development of advanced low-temperature 
combustion (LTC) strategies without the need for a catalytic system. 
These advanced strategies typically focus on controlling ignition timing 
to improve fuel and air mixing, leading to a reduction in local equiva
lence ratio or temperature, or both [2]. These strategies are commonly 
known as low-temperature combustion strategies. One such strategy is 
the Reactivity Controlled Compression Ignition (RCCI), which combines 
high thermal efficiency with minimal production of nitrogen oxides and 
particulate matter. In RCCI engines, low-reactivity fuel is premixed 
through the intake valve into the combustion chamber, while a high- 
reactivity fuel is directly injected into the combustion chamber. This 
significantly controls the combustion phase, pressure rise rate, and heat 
release rate [3].
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