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A B S T R A C T

The combustion behavior of fuel droplets plays a crucial role in controlling emissions and combustion efficiency 
in internal combustion engines. Droplet heating, evaporation, and burning characteristics strongly influence 
ignition delay, combustion duration, and soot formation. Oxymethylene ethers (OMEs), particularly oxy
methylene ether-3 (OME3), have attracted interest as drop-in diesel alternatives due to their high oxygen content 
and clean combustion potential. This study experimentally investigates the combustion of a single fuel droplet 
suspended on a thermocouple and exposed to a controlled environment at 500 ◦C and atmospheric pressure. Four 
fuels were examined: neat diesel and diesel blends containing 20, 40, and 60 vol% OME3. High-speed imaging 
was used to analyze ignition delay, combustion duration, and flame luminosity, complemented by scanning 
electron microscopy (SEM) of collected particulates. Increasing OME3 content significantly reduced ignition 
delay (by ~ 65–70% for D40-O60) while increasing combustion duration by ~ 25–30%. Flame luminosity 
decreased markedly, indicating suppression of macroscopic soot. This behavior is primarily attributed to the high 
oxygen content of OME3, which promotes oxidation pathways that limit soot precursors formation. SEM analysis 
revealed a shift toward finer particles, with sub-micrometer particle counts increasing from ~ 120 mm− 2 to ~ 
340 mm− 2. These results demonstrate that reduced flame luminosity does not necessarily correspond to lower 
particulate emissions but instead reflects a shift toward ultrafine particle formation. Overall, OME3 modifies 
combustion behavior by reducing visible soot while increasing ultrafine particle number density, highlighting a 
critical trade-off in oxygenated fuel performance.

1. Introduction

Diesel spray combustion includes fuel–air mixing, ignition, and 
combustion duration. These processes govern fuel vaporization, mixing, 
and oxidation reactions, thereby influencing both performance and 
emissions. To reduce emissions and maintain efficiency, various addi
tives have been evaluated. These include cetane improvers, oxygenates 
such as ethanol and di-n-butyl ether, and metal-based compounds like 

ferrocene and cerium oxide. These additives improve ignition quality 
and combustion and reduce soot [1–4]. Oxygenated additives are 
especially promising for enhancing oxidation of soot precursors [5]. This 
effect is primarily attributed to the presence of chemically bound oxy
gen, which promotes the formation of OH and O radicals during com
bustion, enhancing oxidation of soot precursors and inhibiting the 
growth of polycyclic aromatic hydrocarbons (PAHs), key intermediates 
in soot formation [6]. Still, the mechanisms by which oxygenates affect 
soot during diesel combustion remain insufficiently understood. This 
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work investigates how oxymethylene ether additives, at the droplet 
scale, influence soot formation pathways and particulate characteristics. 
It also explores how they alter combustion dynamics and particulate 
emissions.

Oxymethylene ether (OME) is a synthetic oxygenated fuel composed 
of repeating CH2-O units, with the general chemical formula H3C-O- 
(CH2O)n-CH3. OMEs are typically produced as mixtures following a 
Flory-Schulz distribution, resulting in a range of chain lengths rather 
than a single pure compound [7]. In the OME series, OME3 (n = 3) 
stands out for its high oxygen content and optimal volatility [8–11]. 
These features make it effective for supporting reduced soot formation 
and more efficient oxidation processes. Shorter-chain OMEs (OME1 and 
OME2) exhibit good volatility but present storage and ignition chal
lenges [12]. Longer-chain OMEs (OME4 and OME5) have poor evapo
ration characteristics [13–15]. OME3 vaporizes efficiently and provides 
reliable ignition, so it blends well with diesel and promotes stable flame 
development [16]. The absence of carbon-carbon (C-C) bonds in OMEs 
suppresses the direct formation of C2 hydrocarbon fragments, which are 
essential precursors for aromatic species and soot formation. As a result, 
soot formation is significantly reduced; however, soot is not entirely 
eliminated, as it may still arise from recombination reactions of inter
mediate radicals under certain conditions. However, recent studies 
indicate that while soot agglomeration is reduced, oxygenated fuels may 
promote the formation of ultrafine particles, highlighting a potential 
trade-off in particulate emissions. Its molecular structure, consisting 
only of C-H, C-O, and O-H bonds, enables rapid autoignition, controlled 
combustion, and improved emission profiles [17]. These advantages 
make OME3 suitable for reducing soot output, supporting cleaner engine 
operation, and enhancing overall performance when blended with 
diesel.

Recent research involving 10% OME3-diesel blends has demon
strated notable improvements in combustion and emission control [18]. 
For example, Mazari [19] reported a 78.2% reduction in soot emissions 
and a faster start of combustion (SOC) for neat OME3 compared to 
conventional diesel. Haspel et al. [14] observed shorter ignition delays 
at higher OME3 concentrations, attributed to increased fuel reactivity, 
greater oxygen availability, and unique spray-flame structures that 
facilitate efficient ignition and combustion. This finding suggests that 
increasing OME3 content modifies combustion behavior and emission 

characteristics. He et al. [20] further confirmed that OME3 exhibits 
shorter ignition delay times and lower soot emissions than diesel, with 
additional validation from shock tube studies by Cai et al. [21]. Pélerin 
et al. [22] demonstrated that soot emissions were significantly reduced, 
and low particle numbers were maintained at high exhaust gas recir
culation (EGR), supporting the application of OME3 in heavy-duty en
gines. These studies highlight the potential of OME3 blends in reducing 
emissions while maintaining engine performance.

Wang et al. [23] found that blending 25% OME3 with n-heptane 
enhanced low-temperature oxidation (LTO) and highlighted a negative 
temperature coefficient (NTC) effect. Moreover, Chen et al. [24] focused 
on the LTO behavior of OME3 blended with diesel and gasoline surro
gates, using a blend of 30% OME3 and 70% gasoline/diesel. They found 
that OME3 significantly advanced the onset of low-temperature heat 
release and increased intermediate species formation during the NTC 
region, thereby improving overall reactivity. This showed the chemical 
efficiency of OME3 blends under different combustion conditions. Evi
dence from [25–29] highlights OME3’s ability to reduce soot and 
emissions while improving both macroscopic combustion behavior and 
microscopic soot structure evolution. These findings support the po
tential of OME3 for reducing soot emissions under certain conditions. 
However, few studies have examined particulate emissions at the 
droplet scale. Previous droplet combustion studies of oxygenated fuels 
such as alcohols, esters, and ethers have demonstrated similar trends in 
soot suppression and altered evaporation behavior, indicating that both 
physical and chemical effects govern combustion characteristics [6,11]. 
Comprehensive analysis of particle number, size, and morphology is 
critical to understanding OME3's impact on soot pathways. Combining 
optical droplet observations with air sampling and SEM analysis quan
tifies total particle and ultrafine (<1 µm) fractions. This links flame 
dynamics with particulate formation and provides insight into the 
competing roles of nucleation, surface growth, agglomeration, and 
oxidation in soot evolution.

To better understand the broader engine-scale relevance of these 
findings, it is essential to connect droplet-scale observations with larger 
combustion dynamics. Insights gained from droplet-scale studies can 
inform the assumptions and boundary conditions used in engine-scale 
models. However, droplet studies do not fully capture high-pressure, 
turbulent, and multi-droplet interactions characteristic of engine envi
ronments. Such interactions include turbulence and varying thermody
namic conditions. Additionally, the present configuration involves a fuel 
droplet supported on a thermocouple and exposed to buoyancy-driven 
convection, which differs from idealized free-floating droplet combus
tion and should be considered when interpreting quantitative results 
[30,31]. Improving the integration between droplet-scale phenomena 
and engine-scale modeling will enhance our ability to predict and 
optimize emissions in practical applications.

Although earlier research examined ignition delay and soot reduc
tion, droplet-scale combustion of OME3-diesel blends at high tempera
tures remains poorly studied. It is necessary to systematically compare 
blend ratios from preheating to soot formation. This will clarify how 
visible flame luminosity relates to sub-micrometer particle formation. 
While previous single-droplet studies have addressed individual oxy
genates [30,31], comprehensive investigations of OME3-diesel blends 
are now emerging. These studies contribute to clarifying the impact of 
OME3 on particulate formation under engine-relevant conditions 
[32–37]. To address this gap, high-speed optical imaging was employed 
to examine OME3-diesel droplet combustion at 500◦C under atmo
spheric pressure conditions. Pure diesel and blends containing 20, 40, 
and 60 vol% OME3 were studied to provide a systematic basis for 
comparison.

The objective was to capture evaporation, ignition, flame develop
ment, and soot formation under controlled conditions. Airborne par
ticulate matter was collected using a controlled air sampling system with 
quartz filters and analyzed via SEM. The particle number, density, and 
size were assessed. Although single-droplet combustion does not fully 

Nomenclature

Parameters
D Diesel
NOx Nitrogen Oxides
O Oxymethylene Ether
OME Oxymethylene Ether
OME3 Oxymethylene Ether3
DBE Di-n-butyl Ether

Abbreviations
CI Compression Ignition
EHC Electrically Heated Catalytic
EOC End of Combustion
FPS Frames Per Second
IDT Ignition Delay Time
LTO low-temperature oxidation
NTC Negative Temperature Coefficient
PRF primary reference fuel
ROI Region of Interest
SEM Scanning Electron Microscope
SOC Start of Combustion
TC Thermocouple
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replicate complex spray dynamics in engines, it provides fundamental 
insights into key phenomena at the droplet level. This dual approach, 
linking droplet-scale flame dynamics with particle characterization, not 
only enhances understanding of OME3’s role in soot evolution but also 
provides a more comprehensive understanding of soot evolution and 
highlights the trade-off between reduced visible soot and increased ul
trafine particle formation in oxygenated fuel combustion.

2. Methodology

A thermocouple-supported droplet combustion optical setup was 
used to study fuel-dependent evaporation, ignition, flame evolution, and 
soot formation under controlled high-temperature conditions. High- 
speed optical diagnostics were combined with airborne particulate 
sampling and SEM analysis to link droplet combustion behavior with 
particle-scale soot characteristics. It should be emphasised that the 
present configuration represents a non-spherical, thermocouple-sup
ported liquid mass rather than a freely suspended droplet. The com
bustion process is therefore influenced by thermocouple conduction, 
support effects, and buoyancy-driven natural convection. As a result, the 
data are interpreted in a comparative and qualitative framework and 
therefore should not be directly extrapolated to free-floating droplets or 
engine conditions.

2.1. Setup and configuration

The key controlled parameters in all experiments were as follows: the 

temperature was consistently maintained at approximately 500◦C, the 
droplet diameter was standardized at 1.5 mm, and each test was 
repeated 7 times to ensure reliability. The chamber operated at atmo
spheric pressure (≈1 atm), and natural convection was present due to 
buoyancy effects at elevated temperature.

The experimental setup, illustrated in Fig. 1, consists of a tube sur
rounded by a PID-controlled heater and sealed at both ends with quartz 
glass, enabling optical measurements using a high-speed Photron SA-X2 
camera. A high-power LED and diffuser plate are positioned behind the 
tube for shadowgraph imaging. The PID controller maintains the tem
perature within ±5◦C, as verified by calibrated K-type thermocouples 
(three thermocouples positioned axially and radially within the furnace 
to ensure spatial uniformity). The system is stabilized for at least 30 
minutes prior to testing to ensure uniform thermal conditions.

Droplets are suspended on a thermocouple and introduced via a 
traversing mechanism. The droplet was supported on a K-type thermo
couple junction formed as a fine bead with a diameter of approximately 
0.2 mm, created by welding twin-twisted wires. This small junction size 
was selected to minimise physical interference with the droplet while 
maintaining reliable temperature measurement at the droplet location. 
The thermocouple was oriented horizontally to ensure consistent 
droplet placement and to reduce asymmetry induced by gravitational 
effects. The presence of the thermocouple introduces a conductive heat 
transfer pathway that can influence droplet heating and evaporation 
behavior. In addition, variations in fuel properties such as surface ten
sion and wettability may alter the contact area between the droplet and 
the thermocouple junction. However, all experiments were conducted 

Fig. 1. Experimental setup for studying Diesel-OME3 combustion characteristics.
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using the same thermocouple configuration and identical operating 
conditions across all fuel blends.

Therefore, while the absolute heat transfer may be affected by the 
support configuration, the comparative trends between fuels remain 
consistent and reliable. Although no explicit correction factor is applied, 
the thermocouple influence is treated as a systematic effect and there
fore does not compromise the relative comparison between different fuel 
blends. The magnitude of conductive heat transfer through the ther
mocouple is expected to be small due to the relatively low cross- 
sectional area of the junction compared to the droplet volume; howev
er, it may influence early-stage heating rates. The small thermocouple 
diameter relative to the initial droplet size (~1.5 mm) further limits its 
influence on the overall droplet combustion behavior. The insertion 
process occurs over approximately 0.3 s, which may induce a transient 
relative gas flow around the supported liquid mass; this effect is 
consistent across all tests and is therefore treated as a systematic con
dition. The thermocouple tip holds 1.6 μL of fuel, providing sufficient 
mass for evaporation and rapid thermal response. High-speed imaging is 
conducted at 12,500 fps, with a 1.25 μs exposure time and 728 × 728- 
pixel resolution, capturing droplet dynamics and combustion processes.

The experimental configuration aligns with established methodolo
gies carried out in this setup, as demonstrated in prior work [11,38,39]. 
Commercial diesel fuel was used in this study; however, it is acknowl
edged that diesel composition can vary depending on source and season. 
The reported properties, therefore, represent typical ranges rather than a 
fully defined surrogate composition, which may limit direct applica
bility for detailed chemical modeling.

The distinct chemical properties of diesel and OME3 used in this work 
are summarised in Table 1. All blend ratios (e.g., D80-O20, D60-O40) 
are defined on a volumetric basis (vol%). In addition to optical di
agnostics, an air-sampling system was incorporated to quantify partic
ulate matter generated during combustion. A Casella Apex2 pump with 
matched-weight cassettes containing 20 µg tolerance quartz filters was 
positioned adjacent to the metallic cube housing the heater to collect 
airborne particles within the measurement zone. Quartz filters were 
selected due to their high purity and resistance to thermal degradation, 
making them well-suited for diesel particulate analysis. Air was drawn 
through the system at a constant flow rate of 5 L/min, with particulates 
deposited onto the primary test filter while a secondary filter beneath 
served as a blank control. Following sampling, both filters were equili
brated under controlled conditions and subsequently analyzed to esti
mate the collected particulate mass through pre- and post-sampling 
filter measurements. The layout of this sampling arrangement is shown 
in Figs. 1 and 2.

It should be noted that the present study is conducted under 
simplified droplet-scale conditions (atmospheric pressure and natural 
convection), and therefore, the results are intended to provide funda
mental insights into fuel-dependent combustion behavior rather than 
direct quantitative representation of practical engine environments.

2.2. SEM analysis of airborne particulates

The collected samples were further analyzed to quantify airborne 
particulates captured on the quartz-filter cassettes using a bias- 
minimizing protocol. Bright-field SEM imaging was carried out from 
low magnification up to ×2500, with particles identified across multiple 
fields of view, yielding a representative subset of particles per sample. 
Particle identification and counting were performed using image 
thresholding and manual verification to minimize operator bias.

Across each filter, 100 fields of view at ×2500 magnification were 
examined, corresponding to a minimum observed area of 1.079 mm2. 
Particle density on the filter surface was calculated as D = n/t, where n is 
the number of particles counted, t is the analyzed area in mm2, a is the 
effective filter area, and V is the sampled air volume. While particle 
concentration per millilitre of filter eluate was defined as C = (n×a)/ 
(t×V), where a is the effective filter area and V is the air volume 
sampled. The analytical sensitivity of the method was given as S = a/ 
(t×V) where all variables are defined consistently above.

It should be noted that SEM measurements represent two- 
dimensional projections of particles deposited on the filter surface, 
and therefore, particle size is reported as an equivalent projected 
diameter rather than a true three-dimensional metric. These measure
ments enabled direct comparison of particle formation under the tested 
combustion conditions and provided specific insight into the prevalence 
of sub-micrometer fractions observed in the SEM images.

While efforts were made to improve statistical representativeness by 
sampling 100 fields of view across each filter, the analyzed area (~1.079 
mm2) represents only a small fraction of the total filter surface (25 mm 
diameter). Therefore, the reported particle counts should be interpreted 
as representative of local sampling regions rather than absolute filter- 
wide distributions. Additionally, no full particle size distribution or 
uncertainty analysis was performed; thus, the results are primarily 
intended for comparative assessment between fuel blends under 
consistent experimental conditions. These metrics represent surface- 
based particle number density rather than time or mass-resolved emis
sion rates.

2.3. Image processing

Acquired high-speed images were processed using a custom 
MATLAB-based code. An equivalent droplet diameter was determined 
by evaluating the projected cross-sectional area, after background sub
traction to isolate the droplet, followed by binarization. The equivalent 
diameter (Deq) was calculated by assuming a circular projection with 
the same area as the segmented liquid region. This definition provides a 
consistent metric for comparison, although the droplet deviates from 
spherical geometry due to thermocouple support and gravity. The initial 
droplet size was recorded as a baseline, and subsequent effects of 
evaporation were quantified by tracking changes in projected area. To 
minimize the influence of initial droplet-size variability across experi
ments, all droplet-evolution data are presented in normalized form (D/ 
D0), where D0 denotes the initial equivalent droplet diameter. To ensure 
the reliability of the results, each fuel blend was tested seven times 
under identical conditions. Temporal fluctuations (e.g., oscillations in 
Deq2 trends) are attributed to multi-component evaporation effects, 
including preferential vaporization and internal boiling phenomena. 
The camera settings in this setup yielded a spatial resolution of 25 μm 
per pixel.

The spatial resolution introduces an inherent measurement uncer
tainty of approximately ±1 pixel in edge detection, corresponding to 
±25 μm in the equivalent droplet diameter. For a typical initial droplet 
diameter of ~1.5 mm, this yields a relative uncertainty of approximately 
±1.7%. Additional uncertainty may arise from image thresholding 
during binarization and slight variations in droplet shape due to the 
thermocouple support. These effects are mitigated by repeated experi
ments and averaging across seven trials for each fuel condition.

Table 1 
The chemical properties of diesel and OME3 were utilised in this study [40].

Parameter Diesel OME3

Molecular Structure CmHn (<C8H18) C5H12O4

Oxygen Percentage (wt. %) 0 47
Heating Value (kJ/g) 43 19
Flashing Point (◦C) >55 88
Cetane Number − >51 84
Boiling Range/ Characteristic Boiling Point (◦C) 180–390 202
Viscosity (40◦C) (mm2/s) 2–4 1.33
Density (g/cm3 at Tstd) 0.82–0.85 1.1–1.15
Surface Tension (mN/m at room T) 25–35 20–30

Note: Heating values correspond to lower heating value (LHV). Diesel exhibits a 
broad boiling range due to its multi-component composition, whereas OME3 
behaves more like a single-component fuel, with a narrower volatility range.
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3. Results and discussion

3.1. Pre-combustion droplet size evolution

This section examines the evaporation dynamics of various fuel 
compositions, including pure diesel (D100) and blends with different 
concentrations of oxymethylene ethers (OME3): D80-O20, D60-O40, and 
D40-O60. The primary objective is to evaluate how variations in fuel 
formulation affect droplet evaporation and combustion characteristics. 
The initial droplet size was measured from images captured at the 
moment the droplet reached the center of the furnace. During the pre- 
ignition heating phase, all droplets exhibited a reduction in initial size 
prior to combustion, as shown in Fig. 3A-G, highlighting the critical role 
of evaporation and mixing in preparing the droplet for ignition and 
efficient combustion. This size change was quantified through frame-by- 

frame image analysis before flame appearance.
This finding suggests that incorporating oxymethylene ethers into 

diesel blends can enhance fuel evaporation and combustion efficiency, 
thereby improving engine performance and reducing emissions.

All four fuel blends exhibited distinct droplet evaporation rates at the 
initial instant of observation (Fig. 3A), where the droplets appeared 
stable. Subsequently, a gradual reduction in normalized droplet diam
eter was observed (Fig. 3B) due to heat transfer from the surrounding 
environment to the droplet core during the early heating phase. A 
transient increase in normalized droplet diameter (D/D0) in subsequent 
frames (3C and 3D) is observed, which is attributed to internal vapor 
generation and droplet swelling. This behavior arises from the prefer
ential evaporation of more volatile components present in both diesel 
and OME3, rather than being solely associated with OME3. This behavior 
is characteristic of multi-component fuels, where volatile fractions 

Fig. 2. Quartz filter sampling and SEM imaging of particulates from OME3-diesel blends.

Fig. 3. Optical sequence of droplet behavior during pre-combustion. Normalized droplet diameter (D/D0) is provided for each frame, obtained from image pro
cessing of the projected droplet area.
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vaporize first, causing internal pressure buildup and transient swelling 
[41]. As shown in Table 1, diesel exhibits a wide boiling range (180-390 
◦C), indicating the presence of both light and heavy fractions, whereas 
OME3 has a narrower and more defined boiling characteristic around 
202 ◦C. This difference in volatility distribution supports the observed 
multi-component evaporation behavior, where both diesel light frac
tions and OME3 contribute to transient droplet swelling. Although 
detailed distillation curves were not measured in this study, the 
observed trends are consistent with reported volatility characteristics of 
diesel and oxygenated fuels. Minor variations in droplet shape are 
attributed to differences in surface tension and wettability at the ther
mocouple junction. However, these variations were consistent across 
repeated experiments and do not affect the comparative analysis, as 
droplet size is quantified using an equivalent diameter based on pro
jected area.

As thermal decomposition progresses, the droplets enter a rapid 
evaporation phase (3E), eventually stabilizing in size (3F) before com
bustion (3G). The reported “diameter” is an equivalent diameter derived 
from the projected cross-sectional area of the supported droplet, rather 
than a true spherical diameter, due to deformation induced by ther
mocouple support and gravity. These temporal changes align with the 
normalized droplet-diameter-squared profiles shown in Fig. 4, high
lighting the significant influence of fuel composition on evaporation 
dynamics.

Although normalized droplet diameter-squared ((D/D0)2) trends are 
presented in Fig. 4 to facilitate comparison of evaporation behavior 
across fuels, it should be noted that the classical D2-law is not strictly 
applicable under the present experimental conditions. This is due to the 
multi-component nature of diesel-OME3 blends, transient heating, in
ternal boiling effects, and droplet deformation induced by thermocouple 
support. These factors lead to non-linear evaporation behavior, devi
ating from the quasi-steady, single-component assumptions underlying 
classical droplet combustion theory. Therefore, the analysis in this study 
focuses on comparative evaporation and combustion trends rather than 
the extraction of a single burning rate constant.

The image sequences presented are representative of repeated ex
periments conducted under identical conditions. While minor variations 
exist between trials, consistent trends were observed across all repeti
tions; quantitative variability is reported separately where applicable.

The droplet profiles depicted in Fig. 4 demonstrate that the evapo
ration behavior of fuel droplets is strongly governed by their chemical 
composition, particularly the proportion of oxygenated components due 
to the presence of OME3. Blends with a higher diesel fraction exhibited 
prolonged evaporation times, primarily due to the higher boiling points 
and lower volatilities of diesel components, as also noted in studies on 

multi-component fuel evaporation behavior, such as that by Pitsch et al. 
[42]. Conversely, as OME3 content increased, droplets exhibited a more 
rapid rate of size reduction over time, consistent with steeper (D/D0)2 

decay trends observed in Fig. 4. This behavior can be attributed to the 
enhanced volatility of OME3-rich blends, which stems from their lower 
boiling range and elevated vapor pressure.

Although a single linear burning rate constant cannot be rigorously 
extracted due to the non-linear evaporation behavior observed, quali
tative comparison of the slopes of the normalized droplet diameter- 
squared ((D/D0)2) curves in Fig. 4 provides useful insight into relative 
evaporation rates among the fuel blends. In classical droplet combustion 
theory, a linear decrease in D2 with time indicates a constant burning 
rate; however, the present results exhibit deviations from linearity, 
particularly during the early heating and swelling phases. Despite this, 
the overall trend shows that OME3-rich blends display steeper re
ductions in (D/D0)2 during the main evaporation phase, indicating 
higher effective evaporation rates compared to pure diesel. This 
behavior is attributed to the higher volatility and oxygen content of 
OME3, which promote rapid vaporization and more efficient fuel-air 
mixing. Therefore, while a strict D2-law analysis is not applicable, the 
observed trends are consistent with an increase in effective burning 
intensity with increasing OME3 content.

3.2. Combustion dynamics

Fig. 5 illustrates the combustion sequence following the evaporation 
phase shown in Fig. 3. The sequence tracks the combustion process from 
the first visible flame to completion for each fuel blend. It reveals key 
differences in autoignition delay, flame luminosity, combustion dura
tion, and soot formation among pure diesel (D100) and OME3-diesel 
blends, including D80-O20, D60-O40, and D40-O60. Due to strong flame 
luminosity, the droplet boundary becomes obscured after ignition, 
preventing reliable extraction of droplet diameter during the combus
tion phase.

In the case of pure diesel (D100), the autoignition process was 
abrupt, leading to a rapid expansion of the flame front as a significant 
fraction of the droplet had already transitioned to the vapor phase 
before ignition, resulting in a rapid expansion of the flame front and a 
strong premixed combustion component during the early stage of 
combustion. By 2.85 seconds, the flame exhibited reduced luminosity 
and was displaced downstream. This shift could be attributed to fuel- 
rich conditions and local oxygen depletion, leading to a less luminous 
combustion, as similarly observed in studies examining fuel-rich com
bustion environments [43]. At 3.11 seconds, this behavior led to early 
soot formation, as indicated by the emergence of dark, dense regions 
within the flame, which persisted throughout the combustion phase, 
consistent with observations reported by Nobili et al. [44] for soot 
generation under fuel-rich or incomplete combustion conditions. At 3.36 
seconds, the flame appeared to regain intensity, with noticeably less 
surrounding soot, suggesting a brief resurgence in combustion activity. 
By 3.52 seconds, the flame diminished significantly, entering its final 
phase before extinction. At 3.62 seconds, the flame extinguished 
abruptly, leaving behind a visible soot trail, suggesting incomplete 
combustion.

Following the baseline diesel experiment, OME3 was blended with 
diesel at 20% by mass (D80-O20) to study its impact on combustion and 
soot formation. The addition of OME3, with its higher cetane number 
and oxygen content, led to an earlier SOC relative to pure diesel, 
occurring at approximately 1.9 seconds. At this point, the flame 
behavior resembled that of pure diesel, with a stable and well-defined 
combustion zone. However, by 2.17 seconds, shortly after SOC, early 
soot formation was observed, with soot particles visible near the droplet, 
likely due to incomplete combustion in the fuel-rich zone. As combus
tion progressed, the flame luminosity decreased, likely due to soot 
particles absorbing emitted light. The droplet remained visible until 
around 2.45 seconds, indicating prolonged liquid-phase fuel presence Fig. 4. (D/D0)2 curves during pre-combustion evaporation.
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and a more gradual evaporation process, consistent with the extended 
combustion duration observed for this blend. Despite the smoke, the 
flame remained active until 2.92 seconds, as indicated by a bright or
ange glow surrounding the smoke. The flame extinguished abruptly with 
visible smoke at 3.01 seconds, indicating incomplete combustion, as 
smoke typically signifies soot formation due to insufficient oxygen for 
complete oxidation. This behavior was more pronounced in the D80- 
O20 blend compared to pure diesel, which exhibited a more rapid 
vaporization and earlier transition to fully developed combustion. A key 
distinction is that in pure diesel, the droplet evaporates early, before 
significant combustion begins, enabling a more complete oxidation. In 
contrast, the droplet in the D80-O20 blend remained visible until later in 
the combustion phase, indicating prolonged fuel presence and delayed 
vaporization, which contributes to localized fuel-rich regions and 
increased soot formation despite the longer overall burning duration.

Subsequently, an additional 20% OME3 was blended into the 
mixture, forming the D60-O40 fuel. The droplet remained visible 
throughout the combustion process until the EOC, indicating a more 
stable and sustained burning phase. The SOC occurred at about 1.44 
seconds, earlier than in both D100 and D80-O20, and was accompanied 
by a distinct luminous envelope, indicating a more reactive mixture 
promoting earlier ignition and improved oxidation. By 1.77 seconds, the 
central flame region appeared more intense, surrounded by a visible 
orange-hued luminous zone, indicating intensified combustion re
actions. From 2.11 to 2.45 seconds, a displaced flame front was 
observed, similar to the transient flame displacement behavior seen in 
the D80-O20 blend at 2.17 seconds and in pure diesel at 2.85 seconds, 
indicating a period of dynamic flame movement before reaching the 
EOC at 2.71 seconds. While soot was less prominent during combustion 
in this mixture than in D80-O20 and diesel, it became noticeable at 2.79 
seconds, though its level was much lower than that observed in both 
D100 and D80-O20 blends.

Next, an additional 20% OME3 was added, forming the D40-O60 
fuel. Unlike the previous blends, the liquid droplet was significantly 
reduced by 0.8 seconds, with most of the fuel existing as vapor mixed 

with the surrounding air. Visual observations indicate reduced and more 
dispersed soot presence, and more widely dispersed than with the other 
fuels, suggesting improved mixing, reduced soot formation, and 
enhanced oxidation.

Throughout the burn, the flame appeared relatively stable in shape 
and luminosity based on visual observation, with fewer abrupt fluctu
ations in size and intensity compared to lower OME3 blends; however, 
this assessment is qualitative and based on image sequences rather than 
quantitative flame diagnostics. This behavior suggests a more uniform 
combustion process and improved flame stability relative to lower OME3 
blends, rather than implying strictly constant flame characteristics.

The SOC occurred at 0.81 seconds, much earlier than in previous 
tests. The longer combustion duration observed alongside earlier SOC is 
attributed to a more distributed and sustained heat release process, 
influenced by the lower heating value of OME3, reduced soot radiation, 
and improved fuel-air mixing. These factors lead to a less localized 
combustion zone and a more gradual fuel consumption rate, thereby 
extending the overall burning duration despite enhanced oxidation 
conditions.

This is likely due to the higher oxygen content and improved fuel-air 
mixing associated with increased OME3 concentration, which supported 
a steadier flame and prolonged combustion process, as similarly re
ported in studies examining oxygenated fuel blends by Lin et al. [45]. At 
1.17 seconds, the flame region expanded and became less luminous, 
displaying a distinct outer diffusion zone with a visible yellow-orange 
flame. This shift in flame behavior suggests a transition from an initial 
phase involving localized premixed combustion, likely driven by rapid 
fuel vaporization and higher oxygen content, to a predominantly 
diffusion-controlled combustion mode for fuels with lower oxygen 
content. This transition is typical as the evaporation rate stabilizes, 
resulting in a more uniform and controlled flame structure, as also 
observed by Goroshin et al. [46]. Between 1.49 and 1.69 seconds, small 
soot particles were observed to be dispersed within the flame, which was 
still visibly active during this period, as indicated by the arrow in the 
image sequence. At 1.92 seconds, a brighter and more defined flame 

Fig. 5. Droplet combustion sequence of diesel-OME3 blends. Frames (A-G) represent key combustion stages: pre-ignition, (SOC), flame growth, flame development, 
peak flame luminosity and soot formation, flame decay, and (EOC).
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emerged, marking the final stage of combustion. By 2.23 seconds, the 
flame had gradually faded, leaving only minimal soot.

Overall, increasing OME3 content consistently modifies combustion 
behavior, with earlier ignition, extended burning duration, and reduced 
flame luminosity. These trends are attributed to enhanced fuel reactivity 
and the presence of fuel-bound oxygen, which promotes oxidation while 
limiting soot precursor formation, consistent with previous studies 
[17,47]. These trends are driven by OME3’s higher cetane number and 
inherent oxygen content, which enhance fuel reactivity and promote 
more complete oxidation while reducing soot precursor formation. The 
elevated cetane number reduces autoignition delay by accelerating low- 
temperature oxidation, while the oxygen content facilitates efficient 
hydrocarbon breakdown and suppresses soot precursor formation. 
Moreover, OME3’s higher volatility improves fuel-air mixing, leading to 
more homogeneous vapor distribution, uniform flame structures, and 
extended combustion durations. A notable observation in the OME3- 
diesel blends is the prolonged presence of the fuel droplet in liquid form 
throughout most of the combustion process. Specifically, in the D80-O20 
blend at 1.9 s and 2.17 s, in the D60-O40 blend at 1.77 s and 2.11 s, and 
in the D40-O60 blend at 1.17 s, the droplet remains visible.

In contrast, pure diesel droplets exhibit a longer pre-ignition phase 
followed by a sudden and intense ignition event, which leads to rapid 
combustion-driven vaporization and an apparent disappearance of the 
droplet around 2.6 seconds, consistent with observations in earlier 
studies of diesel combustion [48]. Although OME3 exhibits higher 
volatility, which enhances early-stage evaporation and promotes faster 
ignition, the subsequent combustion process becomes more distributed 
due to improved fuel-air mixing and the presence of fuel-bound oxygen. 
This results in a more gradual consumption of the fuel rather than rapid, 
localized vaporization. Consequently, droplet visibility persists for a 
longer duration, not due to slower evaporation, but due to a more 
distributed combustion process involving both liquid and vapor phases.

This distinction highlights that increased volatility primarily affects 
the pre-ignition and early combustion stages, whereas the balance be
tween evaporation rate, heat release, and combustion dynamics governs 

the overall droplet lifetime.
As the fuel composition shifts from D100 to D40-O60, early flame 

brightness increases, likely due to improved ignition quality, stronger 
soot oxidation, and reduced soot formation. Flame luminosity then 
became more uniform, suggesting cleaner combustion with reduced 
particulate emissions, a trend also observed by Ilbas et al. [49]. Overall, 
increasing OME3 content significantly improves combustion character
istics, modifies evaporation-combustion coupling, stabilizes flame 
behavior, and reduces soot formation.

3.3. Impact of OME3 Content on Soot Particle Characteristics

The following analysis examines how varying OME3 content in diesel 
fuel influences soot particle characteristics observed after combustion. 
All soot samples shown in Fig. 6 were collected at the end of combustion 
(EOC), defined as the point of visible flame extinction, to ensure a 
consistent comparison of soot morphology across all fuel blends. High- 
speed imaging reveals a transition from large, densely packed soot ag
glomerates in pure diesel to smaller, more dispersed particles as the 
OME3 fraction increases. The observation scale (~200 µm) enables 
detailed comparison of soot morphology across fuel blends, as shown in 
Fig. 7.

Soot formation in droplet combustion involves nucleation, growth, 
agglomeration, and oxidation. In pure diesel combustion, the absence of 
fuel-bound oxygen promotes the formation of soot precursors (e.g., 
polycyclic aromatic hydrocarbons), which undergo surface growth and 
agglomeration to form large, chain-like soot structures. As the OME3 
content increases, oxygen within the fuel molecular structure enhances 
local oxidation reactions, suppressing surface growth and limiting the 
agglomeration of soot particles. At the same time, nucleation may still 
occur, forming smaller primary particles. However, these particles are 
more effectively oxidised before they can grow into larger aggregates. 
This results in a shift from fewer, larger soot agglomerates towards more 
numerous, finer particles, consistent with the observed soot 
morphology.

Fig. 6. Soot morphology from diesel-OME3 blends at end of combustion (EOC).
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In pure diesel (D100), soot particles form large, compact clusters 
with pronounced, chain-like branching structures. These extensive ag
glomerates result from incomplete combustion, where the absence of 
oxygenates limits the oxidation of soot precursors, leading to larger, 
more complex soot aggregates. Introducing 20% OME3 (D80-O20) re
duces the density and size of soot clusters, producing smaller and more 
fragmented particles, though some chain-like structures persist due to 
the relatively high diesel content. The additional oxygen from OME3 
enhances the oxidation of soot precursors, mitigating cluster growth. At 
40% OME3 (D60-O40), soot particles become noticeably finer and more 

dispersed, with less defined chain morphology, reflecting further 
improvement in combustion conditions. In the 60% OME3 blend (D40- 
O60), soot particles are the smallest and most widely dispersed, exhib
iting minimal aggregation. The high oxygen content enables more 
complete combustion, significantly lowering the extent of soot growth 
and agglomeration and resulting in predominantly small, near-spherical 
particles.

Overall, increasing OME3 concentration in diesel reduces soot par
ticle size and agglomeration while promoting finer particles, indicating 
enhanced soot oxidation and reduced particle growth, rather than 

Fig. 7. Particle number metrics from SEM analysis of quartz filter samples.

F. Mazari and T. Megaritis                                                                                                                                                                                                                   Fuel 427 (2027) 140065 

9 



complete suppression of soot formation and a shift in particulate for
mation pathways with increasing oxygenate content.

3.4. Particle metrics of collected airborne soot

A notable phenomenon observed in this study is a 'paradox of cleaner 
flames.' While OME3-rich blends reduce macroscopic soot emissions and 
visible flame luminosity, they simultaneously increase fine particulate 
matter. Fig. 7 summarises the SEM observations and quantitative par
ticle metrics obtained from the previously shown airborne soot collected 
for the four fuel conditions (D100, D80-O20, D60-O40, and D40-O60). 
The reported particle numbers are normalized with respect to the 
analyzed filter surface area and are expressed as particle number per 
unit area (particles/mm2). These values are not normalized by fuel mass 
burned or combustion time but instead represent spatial particle density 
measured under consistent experimental sampling conditions for all fuel 
blends. The results demonstrate a clear and systematic increase in par
ticle counts as the OME3 fraction increases. The total number of particles 
per minimum analyzed area of 1.079 mm2 rises from 220 in D100 to 
420-430 in D40-O60, representing almost a doubling of particle con
centration across the fuel range. The sub-micrometer fraction (<1 µm) 
shows an even steeper increase, rising from 120 particles per 1.079 mm2 

in D100 to 340-350 particles per 1.079 mm2 in D40-O60, which is a 
nearly 190% increase in the number of fine particles. This behavior is 
associated with the modification of soot formation pathways in 
oxygenated fuels, involving competing processes of particle nucleation, 
surface growth, agglomeration, and oxidation. The higher oxygen con
tent in OME3 enhances oxidation reactions and suppresses surface 
growth and agglomeration of soot particles, while simultaneously pro
moting the formation of smaller primary particles through increased 
nucleation rates. The higher oxygen content promotes oxidation pro
cesses that limit the growth and agglomeration of large soot structures, 
while simultaneously favoring the formation of smaller particles. 
Consequently, fewer large soot agglomerates are formed, but the num
ber density of finer particles captured on the quartz filters increases 
significantly.

It should be noted that these particle counts are derived from a 
limited sampled area (~1.079 mm2) and are based on two-dimensional 
projected measurements obtained from SEM imaging. As such, they do 
not represent full particle size distributions and may not fully capture 
spatial variability across the entire filter. Therefore, the reported values 
should be interpreted as comparative indicators of soot formation trends 
rather than absolute quantitative metrics.

These results highlight an important trade-off associated with 
oxygenated fuel blends. While increasing OME3 content reduces visible 
soot formation and flame luminosity, it simultaneously increases the 
number density of ultrafine particles. This indicates that improved op
tical combustion characteristics do not necessarily correspond to 
reduced particulate emissions. From an application perspective, this 
trade-off is significant, as ultrafine particles are of greater concern for 
health and regulatory frameworks due to their ability to penetrate deep 
into the respiratory system. Therefore, combustion performance should 
be assessed using both macroscopic flame observations and particle- 
scale diagnostics to provide a more comprehensive evaluation of fuel 
behavior.

These findings reconcile the optical and SEM-based observations, 
providing a more complete understanding of how oxygenated additives 
modify soot formation pathways at the droplet combustion scale. 
Importantly, the increase in ultrafine particles raises potential health 
concerns, as these particles can penetrate deep into the respiratory 
system and have been associated with adverse cardiovascular and res
piratory effects. This underscores the necessity for regulatory frame
works to consider both visible soot reductions and the implications of 
higher ultrafine particulate concentrations in assessing the overall 
environmental and health impacts of alternative fuel formulations.

3.5. OME3 effect on ignition

As stated earlier in Section 3.1, the droplet was inserted rapidly, and 
the time between its initial deployment to the center of the camera’s 
field of view was less than 0.3 seconds based on the average transition 
time measured across seven repeated tests. The ignition time was 
determined from the instant the droplet appeared fully stabilized at the 
center of the frame to the point of sustained flame development. The 
variation in ignition delay time is influenced by the thermo-physical and 
chemical properties of fuel mixtures, such as boiling point, surface 
tension, and cetane number, as shown in Fig. 8. Fuels with higher boiling 
points tend to evaporate more slowly, resulting in relatively longer 
ignition times, a trend also noted by Farooq et al. [50]. The addition of 
OME3 significantly shortened the ignition time across all tested blends.

The blend containing 60% OME3 and 40% diesel exhibited the 
shortest ignition time, achieving a 65.82% reduction compared to pure 
diesel. Blends with 40% and 20% OME3 showed reductions of 38.4% and 
23.3%, respectively. The earlier ignition observed with OME3 is attrib
uted to its higher cetane number and lower boiling point, a finding also 
highlighted by Popp et al. [51]. These characteristics improve fuel 
reactivity and facilitate faster vaporization, enabling the droplet to 
reach ignition conditions more swiftly. This accelerated evaporation 
results in a larger fraction of the droplet transitioning to the vapor phase, 
thereby enhancing premixed combustion and reducing soot formation. 
While the reduction in ignition delay is influenced by both enhanced 
volatility (physical effect) and increased fuel reactivity (chemical ef
fect), a strict quantitative separation between these contributions is not 
possible within the scope of the present experiments. The lower boiling 
characteristics of OME3 promote faster droplet heating and vapor
ization, facilitating rapid formation of a combustible mixture during the 
pre-ignition phase. Simultaneously, the higher cetane number and 
inherent oxygen content enhance low-temperature oxidation kinetics, 
leading to earlier autoignition. The magnitude of reduction suggests that 
chemical reactivity plays a dominant role, with volatility effects acting 
as a supporting mechanism. The error bars in Fig. 8 represent the 
standard deviation from seven replicate tests for each fuel blend, 
reflecting variation in ignition timing across replicates. The observed 
variability includes contributions from both measurement uncertainty 
and slight differences in initial droplet size and positioning on the 
thermocouple, despite efforts to maintain consistent experimental con
ditions. Among the fuels, D60-O40 exhibited the lowest variation, with a 
standard deviation of 4%, while D40-O60 and D80-O20 showed stan
dard deviations of 6% and 7%, respectively, and D100 (pure diesel) 
showed the highest variability at 8%. Overall, the variability in ignition 
delay remains within a relatively narrow range (4-8%) across all fuel 

Fig. 8. Comparative ignition delay of diesel-OME3 blends.
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blends, indicating comparable repeatability rather than a significant 
improvement in ignition consistency with OME3 addition.

3.6. Droplet Burn Duration

The burn duration of each fuel droplet was defined as the time in
terval between the onset of ignition and the disappearance of any visible 
flame, based on high-speed imaging observations. It is important to note 
that the disappearance of the visible flame does not always coincide 
exactly with the complete disappearance of the liquid mass (i.e., when 
the equivalent diameter approaches zero), indicating that non-luminous 
evaporation or residual fuel may persist beyond visible combustion.

Experimental results indicate that pure diesel (D100) had the 
shortest burn duration, approximately 1.1 seconds. As the proportion of 
OME3 in the fuel blends increased, the burn duration increased. The 
D80-O20 and D60-O40 blends recorded durations of 1.18 and 1.30 
seconds, respectively. The D40-O60 blend exhibited the longest burn 
duration at 1.41 seconds, representing an approximately 28% increase 
compared to diesel. This trend indicates that higher OME3 content 
promotes longer combustion durations associated with lower heating 
value and more distributed heat release, supported by its oxygen-rich 
composition [52]. The shorter ignition delays commonly observed in 
OME3-rich blends enable earlier combustion initiation. However, due to 
OME3's lower energy density and more distributed heat release, com
bustion duration is extended, enabling a more complete and efficient 
burn. The oxygen content of OME3 enhances oxidation reactions, 
improving combustion efficiency and reducing soot formation. These 
findings are consistent with previous research demonstrating enhanced 
combustion stability and cleaner emissions in oxygenated fuel blends 
[53,54].

The error bars in Fig. 9 represent the standard deviation across seven 
replicate tests. D100 and D40-O60 exhibited higher variability, with 
standard deviations of 8% and 9%, respectively. In contrast, D80-O20 
and D60-O40 showed more consistent results, with deviations of 4% 
and 5%. This suggests that moderate OME3 addition improves com
bustion stability, while the slight increase in variability at higher OME3 
concentrations may be attributed to changes in evaporation behavior or 
fuel-air mixing dynamics.

Overall, the findings indicate that blending diesel with more than 
50% OME3 substantially improves combustion characteristics by 
reducing ignition time, extending combustion duration, and minimizing 
soot formation.

4. Conclusions

The evaporation and combustion behavior of diesel and OME3-diesel 
blend droplets (D80-O20, D60-O40, and D40-O60) were experimentally 
investigated using a temperature-controlled optical setup with high- 
speed imaging. Key parameters, including equivalent droplet diameter 
(based on projected area), ignition delay, combustion duration, and soot 
formation, were systematically evaluated.

All fuels exhibited initial thermal expansion followed by vapor
ization, with increasing OME3 content promoting faster and more uni
form evaporation. Combustion characteristics varied significantly with 
fuel composition: pure diesel showed delayed ignition, unstable flame 
behavior, and high soot luminosity, whereas OME3 blends exhibited 
earlier ignition, more stable flame development, and reduced visible 
soot, particularly for D40-O60.

Ignition delay decreased substantially with increasing OME3 content, 
with D40-O60 showing an approximate 66% reduction relative to diesel. 
In contrast, combustion duration increased, reflecting a more distrib
uted heat release process associated with the lower heating value and 
oxygenated nature of OME3, rather than a direct enhancement in com
bustion efficiency.

Soot analysis demonstrated that although visible soot was signifi
cantly reduced, the number density of fine particulates increased, with 

sub-micrometer particle counts rising from approximately 120 to 340- 
350 particles/mm2. This indicates a transition from larger soot ag
glomerates to finer particles due to enhanced oxidation and suppressed 
particle growth.

Overall, OME3 alters combustion behavior by reducing visible soot 
emissions while increasing ultrafine particle formation, highlighting the 
need for further investigation and mitigation strategies for nanoparticle 
emissions. However, this apparent improvement in visible combustion 
characteristics is accompanied by an increase in ultrafine particle for
mation, highlighting a trade-off between reduced soot agglomeration 
and increased particle number density. This finding underscores the 
need to consider both emissions quality and quantity when evaluating 
oxygenated fuel performance.

Future work should focus on detailed burning rate analysis under 
controlled conditions to enable direct comparison with classical droplet 
combustion models and support the development of predictive com
bustion frameworks.
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[47] García-Oliver JM, Novella R, Micó C, Bin-Khalid U. Numerical investigation of 
oxymethylene ether-diesel blends for soot reduction in compression ignition 
engines. Fuel 2022;324:124768.

[48] Aggarwal SK. Single droplet ignition: Theoretical analyzes and experimental 
findings. Prog. Energy Combust. Sci. 2014;45:79–107.

[49] Ilbas M, Kumuk O, Karyeyen S. Modelling of gas-turbine colorless distributed 
combustion with hydrogen-enriched kerosene fuel. Int. J. Hydrogen Energy 2022; 
47:12354–64.

[50] Farooq MS, Baig A, Wei Y, Liu H, Ali U. Review of developments addressing cold- 
start challenges in methanol-fueled spark ignition engines. Int. J. Hydrogen Energy 
2025;99:852–71.

[51] Popp T, Lechner R, Becker M, Hebauer M, O’Connell N, Brautsch M. Potentials of 
OME/diesel blends for stationary power production: Improving emission 
characteristics of a diesel CHP unit. Appl. Therm. Eng. 2019;153:483–92.

[52] Holzer A, Günthner M, Jung P. Performance of pure OME and HVO-OME blends as 
alternative fuels for diesel engines. Automot. Engine Technol. 2022;7:369–83.

[53] Lucas SP, Zdanowicz AJ, Wolff WW, Windom BC. Combustion characteristics of 
diisopropoxymethane, a low-reactivity oxymethylene ether. Fuel 2024;362: 
130727.

[54] Sun Z, van Beers H, Cuijpers M, Somers B, Maes N. Design-of-experiments 
optimized OMEx-diesel blends for heavy-duty engines -Part 1: Combustion and 
emissions with EGR and injection timing variation. Fuel 2025;381:133392.

F. Mazari and T. Megaritis                                                                                                                                                                                                                   Fuel 427 (2027) 140065 

12 

http://refhub.elsevier.com/S0016-2361(26)01819-3/h0005
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0005
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0005
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0010
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0010
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0015
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0015
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0015
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0020
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0020
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0020
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0025
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0025
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0025
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0025
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0030
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0030
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0030
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0035
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0035
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0035
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0040
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0040
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0040
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0045
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0045
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0045
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0050
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0050
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0050
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0055
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0055
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0055
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0060
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0060
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0060
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0065
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0065
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0065
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0070
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0070
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0070
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0070
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0075
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0075
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0075
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0075
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0080
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0080
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0080
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0085
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0085
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0085
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0085
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0090
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0090
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0095
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0095
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0100
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0100
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0100
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0105
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0105
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0105
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0105
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0110
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0110
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0110
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0115
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0115
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0115
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0120
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0120
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0120
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0120
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0125
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0125
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0130
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0130
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0130
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0135
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0135
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0135
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0135
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0140
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0140
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0140
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0145
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0145
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0145
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0150
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0150
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0150
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0155
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0155
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0155
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0160
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0160
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0160
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0165
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0165
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0165
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0170
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0170
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0170
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0175
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0175
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0175
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0180
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0180
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0180
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0185
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0185
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0185
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0190
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0190
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0190
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0195
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0195
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0200
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0200
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0200
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0205
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0205
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0210
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0210
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0215
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0215
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0215
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0220
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0220
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0220
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0225
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0225
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0225
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0230
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0230
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0235
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0235
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0235
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0240
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0240
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0245
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0245
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0245
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0250
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0250
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0250
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0255
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0255
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0255
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0260
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0260
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0265
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0265
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0265
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0270
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0270
http://refhub.elsevier.com/S0016-2361(26)01819-3/h0270

	Investigating OME3-diesel droplet evaporation, combustion dynamics, and soot characterization
	1 Introduction
	2 Methodology
	2.1 Setup and configuration
	2.2 SEM analysis of airborne particulates
	2.3 Image processing

	3 Results and discussion
	3.1 Pre-combustion droplet size evolution
	3.2 Combustion dynamics
	3.3 Impact of OME3 Content on Soot Particle Characteristics
	3.4 Particle metrics of collected airborne soot
	3.5 OME3 effect on ignition
	3.6 Droplet Burn Duration

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Data availability
	References


