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ABSTRACT ARTICLE HISTORY
The chemical kinetics of small alkyl esters provide a foundational basis Received 12 April 2025
for understanding the behavior of larger alkyl esters, which are key ~ Revised 27 June 2025
constituents of practical biodiesel fuels used in advanced internal Accepted 25 July 2025
combustion engines. This study presents experimental investigations KEYWORDS

on the laminar burning velocity (LBV) of methyl acetate/air mixtures Laminar burning velocity;
over an elevated temperature range of 367 - 714 K and equivalence biodiesel; planar flames;
ratios (¢) from 0.7 to 1.4, using the externally heated diverging channel elevated mixture
method under atmospheric pressure. The experimental results are temperatures; methyl
evaluated against existing data and detailed chemical kinetic models acetate/air mixtures
developed by Ahmed (2019), Lubrano Lavadera (2022), and Diévart

(2013). The present measurements show good agreement with pre-

viously reported values across a wide range of operating conditions.

Kinetic models by Ahmed (2019) and Lubrano Lavadera (2022) accu-

rately capture the LBV trends, particularly at elevated temperatures,

while the Diévart (2013) model consistently overpredicts LBV under

fuel-rich conditions. Across all temperatures, the LBV follows

a parabolic trend with a maximum at a slightly rich equivalence ratio

(& =1.1), which is also predicted by the models. At ¢ =1.0, the LBV

increases by approximately 97% as the temperature rises from 450 K to

650 K, while the peak LBV increases by about 86% from 500 K to 700 K,

indicating a strong temperature dependence. Sensitivity analysis high-

lights the dominant role of reactions involving Cy - C,4 species in

governing the combustion behavior of methyl acetate/air mixtures.

Introduction

The increasing dependence on fossil fuel combustion has raised major concerns regarding
climate change, energy security, and environmental pollution. Global energy demand is
continuously rising, with fossil fuels remaining the dominant energy source worldwide
(World Energy Outlook 2024). The ongoing reliance on fossil fuels has caused a consistent
increase in carbon dioxide (CO,) emissions in recent decades, playing a major role in the
accumulation of greenhouse gases and resulting in global warming (Rial 2024). The deple-
tion of oil reserves, growing energy consumption, and the environmental impact of con-
ventional fuel emissions have driven a transition toward greener energy alternatives that are
economical, low-emission, efficient, sustainable, and renewable (Sikiru et al. 2024).
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Among such alternatives, biodiesel has emerged as a promising alternative to fossil fuels,
particularly in the transportation sector (Oppong et al. 2022). Biofuels are widely regarded
as practical and sustainable liquid fuel options, playing a significant role in promoting
sustainable development by addressing both environmental and socioeconomic challenges
(Coniglio et al. 2013). Their widespread availability enhances energy security in both
developed and developing countries, while also providing rural communities with access
to modern energy and generating employment opportunities (Coniglio et al. 2013).
Compared to conventional fuels, biodiesel is a cleaner-burning alternative that emits
lower levels of net CO,, unburned hydrocarbons, carbon monoxide (CO), and particulate
matter, while being free of sulfur oxides (Culaba et al. 2023). Biodiesel is primarily
composed of methyl esters, which are alternative fuel components derived from renewable
resources such as microalgae, vegetable oils, and animal fats through the transesterification
process (Oppong et al. 2022).

Biofuels can be blended with conventional fuels with minimal or no modifications to
existing engines. However, the combustion characteristics of biodiesels differ from those of
conventional hydrocarbons. Therefore, comprehensive studies on their combustion
mechanisms are essential prior to their use, either as pure fuels or in blends, in current
engine systems. Biodiesels are typically composed of long-chain methyl esters, mainly in the
Cis to C;g range (Lam, Davidson, and Hanson 2012). Due to their complex molecular
structures, small methyl esters are commonly employed as surrogate fuels in both experi-
mental and theoretical combustion studies (Lai, Lin, and Violi 2011). Investigating these
smaller surrogates provides valuable insights into biodiesel oxidation processes and
enhances our understanding of their combustion behavior in comparison to conventional
fuels (Tan et al. 2015). Moreover, small esters often serve as intermediate species in the
oxidation of larger esters and biodiesel. As such, a thorough understanding of their
combustion characteristics is essential for accurately analyzing the combustion perfor-
mance of biodiesel and its components.

The development of biodiesel and large ester combustion models depends heavily on the
formulation of accurate kinetic models for small esters (Konnov, Chen, and Lubrano
Lavadera 2023). To evaluate the impact of biofuels, whether used as pure components or
blended with conventional fuels, on engine performance, their combustion behavior can be
studied using computational fluid dynamics combined with detailed chemical kinetic
models (Curran 2019). These models should be validated against key global combustion
parameters such as major species time profiles, laminar burning velocity (LBV), and
ignition delay times (IDTs) (Curran 2019).

Among the small alkyl esters, methyl acetate serves as a key surrogate component for
biodiesel and also acts as a reaction intermediate during the pyrolysis of biodiesels (Osswald
et al. 2007). Over the years, various researchers have conducted both modeling and
experimental studies on methyl acetate due to its relevance in alternative fuels, emissions
reduction, and chemical kinetics. These studies have focused on its combustion behavior,
particularly examining reaction pathways, LBV, major species time profiles, and IDTs, to
enhance kinetic models for engine applications.

Osswald et al. (2007) analyzed the combustion behavior of ethyl and methyl esters by
utilizing molecular-beam mass spectrometry (MB-MS) for measuring the concentrations of
key intermediate and major species in flat flames. The decomposition pathways of methyl
acetate indicated the formation of formaldehyde (H,CO) and emphasized the importance
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of quantitatively assessing formaldehyde emissions in biodiesel formulations containing
methyl esters. Westbrook et al. (2009) proposed a model for small alkyl esters by using the
functional group similarities to constrain unimolecular decomposition and H-atom
abstraction reactions. Dabbagh et al. (2013) examined the addition of methyl acetate to
gasoline and observed an increase in the research octane number, with minimal impact on
the Reid vapor pressure. Yang et al. (2015) analyzed the oxidation and pyrolysis of methyl
acetate using the MB-MS and a low-pressure flat flame burner and developed a kinetic
model for methyl acetate. Their experimental findings revealed that methyl acetate oxida-
tion produces acids, ketones, and aldehydes. Ren et al. (2017) studied the pyrolysis and
combustion behavior of methyl acetate in a shock tube (ST), employing laser absorption
spectroscopy to analyze the time histories of H,O, OH, CO,, and CO, thereby gaining
insights into its reaction pathways. The mechanism developed by Yang et al. (2015)
successfully predicted the evolution of CO and CO, concentrations during the thermal
decomposition of methyl acetate.

Wang et al. (2014) investigated the LBV of esters using counterflow (CF) flame experi-
ments. The LBV values of methyl acetate/air mixtures were found to be lower than those of
methyl formate, primarily due to increased ketene formation during the decomposition of
the CH,C(O)OCH; radical. Ahmed et al. (2019) conducted a comprehensive study on small
alkyl esters by evaluating IDTs in a ST, analyzing oxidation behavior in a jet-stirred reactor,
and measuring LBV's using the heat-flux (HF) technique. They developed a chemical kinetic
mechanism for ethyl acetate and methyl acetate, with LBV predictions closely matching
experimental results. Kim et al. (2019) carried out experiments to measure the LBV for
2-methylfuran, methyl acetate, and ethanol using the spherically expanding flame (SEF)
method at 428 K under atmospheric pressure. The results showed that 2-methylfuran and
ethanol exhibited similar LBV values, both higher than that of methyl acetate. Lubrano
Lavadera et al. (2022) experimentally measured the LBV of methyl acetate over a mixture
temperature range of 298 - 348 K and equivalence ratios from 0.7 to 1.5 using the HF
method. They also developed a detailed chemical kinetic model that showed good agree-
ment with experimental results for IDTs (Ahmed et al. 2019), LBVs (Wang et al. 2014;
Lubrano Lavadera et al. 2022), and species profiles (Ahmed et al. 2019). Table 1 presents
a summary of the reported LBVs of methyl acetate/air mixtures obtained using various
experimental techniques across different mixture temperatures and equivalence ratios.

As shown in Table 1, the measurements of LBV's for methyl acetate/air mixtures were
conducted at mixture temperatures varying from 298 to 428 K across different ¢ under
atmospheric pressure conditions. However, typical mixture temperatures following the
compression process in various engineering systems of practical relevance, including inter-
nal combustion engines, are significantly higher than 428 K. All previous chemical kinetic

Table 1. Summary of LBV reported by various researchers for methyl acetate/air

mixtures.
Author Method [0) Ty (K)
Wang et al. (2014) CF 0.7-15 333
Ahmed et al. (2019) HF 0.7-14 298, 338
Kim et al. (2019) SEF 08-1.5 428
Lubrano Lavadera et al. (2022) HF 07-15 298 - 348

& - Equivalence ratios, T, - Mixture temperature.
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models have been developed based on the available LBV measurements at these mixture
temperatures, and their predictions generally align well with the reported experimental
data. However, assessing the combustion performance of these models at elevated tempera-
tures relevant to engine operating conditions is crucial for validating their accuracy and
reliability in practical applications.

A detailed comparison of the existing experimental studies shows that the existing LBV
data is limited to lower mixture temperatures (T, < 428 K). The present work significantly
extends the understanding of the LBV of methyl acetate/air mixtures and thereby improved
understanding of the combustion behavior by reporting the experimental measurements
over an elevated mixture temperature range of 367 - 714 K and equivalence ratios from 0.7
to 1.4 using the externally heated diverging channel method. The exploration of LBV
behavior at such high mixture temperature conditions helps address a critical gap in the
literature and provides accurate LBV data for the validation of chemical kinetic models
under these mixture conditions, which are relevant to the practical combustion systems.

Methodology
Computational details

LBV predictions for methyl acetate/air mixtures were obtained using detailed chemical
kinetic mechanisms developed by Diévart et al. (2013), Ahmed et al. (2019), and Lubrano
Lavadera et al. (2022), using Cantera software (Goodwin et al. 2018). The species and
reaction details for these models are summarized in Table 2. For premixed flame simula-
tions, the “FreeFlame” object was utilized, with refinement criteria set as ratio = 3, curve =
0.075, and slope = 0.075, which control the grid point distribution across a flame domain
width of 0.03 m. The mixture-averaged transport model was employed to evaluate gas-
phase properties such as viscosity, diffusion coefficients, and thermal conductivity.
Simulations were performed across a range of equivalence ratios and temperatures under
atmospheric pressure conditions.

Experimental details

Figure 1 presents the detailed configuration of the diverging channel and the schematic
of the experimental setup used in this study. The required airflow is monitored and
controlled using a command module and an air mass flow controller (flow rate range: 0
- 5 LPM, accuracy: £1.5%). Liquid fuel is supplied via a high-precision syringe pump.
The incoming air is preheated by an air preheater and directed through a heated tube.
Methyl acetate (supplied by CHEMICAL CENTER, purity: 99.34% based on gas chro-
matography analysis) is injected into the preheated air using the syringe pump. As the
liquid fuel enters the “J” junction of the heated air line, it vaporizes due to the elevated

Table 2. Details of chemical kinetic models.

Model # Species # Reactions
Diévart (2013) 256 1925
Ahmed (2019) 506 2809

Lubrano Lavadera (2022) 284 3443
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Figure 1. Details of the diverging channel and layout of the experimental setup.

air temperature, forming a uniform fuel-air vapor mixture. To avoid fuel condensation,
the temperature of the fuel-air mixture line is maintained approximately 10 K above the
boiling point of the liquid fuel. This is achieved using strip heaters, temperature
controllers, solid-state relays, and thermocouples. The homogeneous vapor mixture is
introduced into the diverging channel and ignited at the open end. Upon ignition, the
flame propagates through the diverging channel, consuming the reactants until it
stabilizes at a location where the incoming mixture flow velocity balances the flame
burning velocity. The stabilized planar flame forms at this equilibrium point, governed
by the balance among mixture flow velocity, burning velocity, and mixture temperature
(Akram and Kumar 2011). An external infrared ceramic heater is positioned below the
channel at the open end, overlapping by approximately 20 mm (as shown in Figure 1),
to establish a positive temperature gradient along the flow direction. This also helps
compensate for heat losses to the channel walls and supports near-adiabatic flame
conditions (Berwal, Kumar, and Kumar 2023; Kumar, Singhal, and Kumar 2021).

Figure 2 displays a photograph of a stabilized planar flame formed at an inlet mixture
velocity of 1.4 m/s and equivalence ratio, ¢ = 1.0. The LBV (S,) of the methyl acetate/air
mixture is determined from the stabilized planar flame using the modified mass conserva-
tion equation (Equation (1)).
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Planar flame

Mixture inlet
—_—

Figure 2. Stabilized planar flame for U;, of 1.4 m/s at stoichiometric mixture conditions.

Tu Ain
Sy =Ujp X — X — 1
u mn Tl Af ( )
Here, Uiy, Ty, and A, represent the mixture velocity, unburned mixture temperature,
and cross-sectional area at the inlet section, respectively, while T,, and A¢ correspond to
unburned gas temperature at the flame location and flame cross-sectional area.

Uncertainty analysis

The uncertainty in LBV measurements depends on the accuracy of flame area, unburned
mixture temperature, and inlet mixture velocity measurements, as shown in Eqn. 1. The
total uncertainty for methyl acetate/air LBV measurements is estimated using the error
propagation method (Varghese et al. 2018; Varghese, Kolekar, and Kumar 2019). The
uncertainty in unburned mixture temperature arises from the K-type thermocouple,
which offers an accuracy of 0.75% of the measured value or £2.2 K. The flame area
measurement uncertainty is +0.71 mm? The inlet mixture velocity uncertainty is deter-
mined by the precision of the air mass flow controller (Aalborg, GFC 17) and the accuracy
of the infusion syringe pump used to control fuel flow. The air mass flow controller has
a precision of +1.5% of its maximum range, while the syringe pump has an accuracy of +1%.
Considering all contributing factors, the overall uncertainty in LBV measurement for
methyl acetate/air mixtures is estimated to be less than +5%.

Results and discussions
Effect of temperature ratio on LBV

Figure 3 shows the effect of mixture temperature on the LBV of methyl acetate/air mixtures,
comparing the present experimental results with existing data across a range of equivalence
ratios and evaluating model predictions against measured values. The x-axis represents the
nondimensional temperature ratio, T,/T, o, where T, g is the reference temperature taken as
300 K. The relationship between mixture temperature (T,) and LBV (S,) follows the power-
law correlation: S, =S, ¢ % (Tu/Ty0)®, where a is the temperature exponent and S is the
LBV at the reference temperature.
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Figure 3. Variation of LBV with mixture temperature for the mixture equivalence ratios of a) ¢ = 0.8, b) ¢
=1.0,and ) p=1.2.

The present measurements are fitted using this power-law correlation, and the resulting
coefficients (a and S, ) for various equivalence ratios are summarized in the inset table
within Figure 3. An increase in T,/T, o leads to higher LBV values, attributed to enhanced
mixture diffusivity, reactivity, and reaction rates. As shown in the figure, the kinetic models
proposed by Ahmed (2019) and Lubrano Lavadera (2022) show good agreement with both
the current and previously reported measurements across a range of temperature and ¢. In
contrast, the Diévart (2013) model overpredicts the LBV under varying temperature at rich
mixture equivalence ratios (¢ = 1.2).

Effect of equivalence ratios on LBV at various mixture temperatures

Figure 4(a) presents a comparison of the existing experimental data with present LBV
measurements and predictions from various chemical kinetic models at mixture tempera-
tures of 298 and 348 K. At 348 K, the present results show good agreement with the LBV
data reported by Lubrano Lavadera et al. (2022) across all ¢. Conversely, at 298 K, the
current measurements align closely with the data reported by Ahmed et al. (2019). Under
stoichiometric conditions, the LBV measured in this study increases from 30.35 cm/s at 298
K to 40.57 cm/s at 348 K, demonstrating a clear temperature dependence. The kinetic
models by Ahmed (2019) and Lubrano Lavadera (2022) accurately capture this trend,
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Figure 4. Variation of LBV with ¢ at: a) 298 and 348 K, b) 318 K, ¢) 333 K, and d) 338 and 428 K.

showing good agreement with the experimental results at both temperatures. In contrast,
the Diévart et al. (2013) model shows overpredictions in the fuel-rich mixture conditions.

Figure 4(b,c) present a comparison between the present experimental measurements and
those reported by Lubrano Lavadera et al. (2022) and Wang et al. (2014) at mixture
temperatures of 318 K and 333 K, respectively. Across the range of ¢, the current results
show good agreement with both datasets.

Figure 4d compares LBV predictions from models with experimental data at 338 K and
428 K. At 338 K, the LBV values predicted by the Ahmed (2019) and Lubrano Lavadera
(2022) models closely match the present measurements over various ¢. At 428 K, Kim et al.
(2019), using the SEF method, reported slightly higher LBV values in fuel-lean mixtures,
while their data show close alignment with the present results under fuel-rich conditions. At
mixture temperatures of 338 K and 428 K, the LBV predictions from Lubrano Lavadera
(2022) and Ahmed (2019) show good agreement with the experimental results. In contrast,
the Diévart et al. (2013) model overpredicts the LBV under fuel-rich conditions when
compared to both the present study and previously reported measurements.

Across all investigated mixture temperatures (298 - 428 K), the LBV displays a parabolic
dependence on the equivalence ratio, with a peak occurring at ¢ = 1.1. Increasing the
mixture temperature from 338 K to 428 K leads to a rise in the peak LBV from 40.70 cm/
s to 62.83 cm/s.
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Figure 5. Variation of LBV with ¢ at elevated mixture temperatures: a) 450, 550, and 650 K; b) 500, 600,
and 700 K.

Effect of elevated mixture temperatures on LBV

Figures 5(a,b) show the effect of elevated mixture temperature on the LBV of methyl
acetate/air mixtures, along with a comparison to predictions from kinetic models. At
stoichiometric equivalence ratios, the LBV increased by approximately 97% as the tempera-
ture increased from 450 K to 650 K. Similarly, the peak LBV exhibited an increase of about
86% with a temperature rise from 500 K to 700 K. The LBV predictions from the kinetic
models developed by Ahmed (2019) and Lubrano Lavadera (2022) show close agreement
with the present experimental data.

LBV comparison of acetates

Figure 6(a) presents a comparison of the experimentally measured LBV data reported by
Konnov, Chen, and Lubrano Lavadera (2023) for various acetates at a mixture temperature
of 338 K. Under fuel-lean conditions, the LBV follows the trend: methyl acetate < propyl
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Figure 6. Experimental comparison of LBV of acetate at different mixture temperatures at a) 338 K and b)
450K and 600 K.
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acetate < ethyl acetate < butyl acetate < amyl acetate. Interestingly, at specific equivalence
ratios, LBV generally increases with carbon chain length, with the exception of propyl
acetate. Across all equivalence ratios, propyl acetate exhibits lower LBV values than ethyl
acetate, and at ¢ = 1.1, its LBV is even lower than that of methyl acetate. At ¢ = 1.0, the LBV
of amyl acetate is higher than methyl acetate by ~3.7 cm/s.

Figure 6(b) presents the variation of LBV with ¢ for methyl acetate, compared with
existing experimental results for ethyl acetate (Kumar, Padhi, and Kumar 2023) and propyl
acetate (Oppong et al. 2024) at mixture temperatures of 450 K and 600 K. At 450 K, under
fuel-lean to stoichiometric conditions, ethyl acetate exhibits higher LBV values than methyl
and propyl acetate. However, at ¢ = 1.4, the trend reverses, with LBV values following the
order: methyl acetate > propyl acetate > ethyl acetate. A similar trend is observed for methyl
and ethyl acetate at the elevated mixture temperature of 600 K. Ethyl acetate exhibits higher
LBV values in fuel-lean mixtures; however, methyl acetate shows higher LBV values for
stoichiometric to fuel-rich conditions.

Variation of temperature exponent with equivalence ratios

The temperature exponent (a) in the power-law correlation (Equation (2)) quantifies the
sensitivity of the LBV (S,) to changes in the unburned mixture temperature (T\,).

T, \*
u — Ou 2
5 = Sup <Tu,0> @

Where, S, o and S, represent the LBV at the unburned mixture temperatures, T, g and T\,
respectively.

Figure 7 compares the temperature exponents (a) obtained from the present mea-
surements and the predictions of chemical kinetic models. The temperature exponent
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Figure 7. Variation of temperature exponent (a) with ¢ for methyl acetate/air mixtures.
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reaches its lowest value at slightly rich (¢ =1.1) mixtures and increases for both fuel-
lean and fuel-rich conditions. The maximum LBV occurs under slightly rich mixture
conditions (¢ = 1.1), where the adiabatic flame temperature also reaches its peak. Under
these conditions, dissociation reactions become more significant, moderating the rate of
LBV change with temperature and resulting in lower o values. In contrast, lean and rich
mixtures exhibit lower adiabatic flame temperatures, reducing the influence of dissocia-
tion reactions. As a result, a values are relatively higher in these conditions, indicating
greater LBV sensitivity to changes in unburned gas temperature. This behavior is
consistent with the more pronounced variation in adiabatic flame temperature for
lean and rich mixtures compared to near stoichiometric for a given increase in mixture
temperature (Akram, Kumar, and Saxena 2013; Mohammad and Juhany 2019; Shinde,
Fulzele, and Kumar 2024).

Additionally, at a slightly rich equivalence ratio (¢ = 1.1), radical production is optimized
due to a balanced proportion of fuel and oxidizer, resulting in reduced sensitivity of LBV to
temperature changes. In contrast, under very lean (¢ =0.7) or very rich (¢ =1.4) condi-
tions, limited radical formation makes the combustion process more temperature sensitive,
leading to higher o values. This trend has also been reported in earlier studies for various
fuel-air mixtures (Fulzele, Shinde, and Kumar 2025; Konnov et al. 2018; Rajesh and Prathap
2022). A higher temperature exponent reflects a stronger dependence of LBV on tempera-
ture, which is particularly important for high-temperature combustion systems where flame
propagation and heat release characteristics are critically affected.

Sensitivity analysis

To understand the role of key elementary reactions influencing the LBV of methyl acetate/
air mixtures at different mixture and temperature conditions, the normalized sensitivity
coefficients are analyzed. The sensitivity analysis is performed using the Lubrano Lavadera
(2022) kinetic model, considering accurate predictions obtained from this model, with
respect to the present measurements.

Figure 8a compares the sensitivity of various reactions at 428 K and 700 K temperatures
and stoichiometric mixture conditions (¢ = 1.0). Both R12 (H + O, = O + OH) and R187
(CO + OH = CO, + H) reactions promote LBV by enhancing the radical pool. R12 con-
tributes through chain branching, while R187 supports radical regeneration and heat
release. Their sensitivities are higher at 428 K mixture temperature, where radical genera-
tion is limited and chain branching reactions are critical for sustaining combustion. At
700 K, their influence slightly decreases as other radical-producing reactions, such as, HCO
or CH; decomposition become more dominant, shifting the combustion dynamics toward
high-temperature-driven pathways. R192 (HCO + M = CO + H + M) is a radical-generating
and chain-propagating reaction that decomposes HCO into CO and H, enhancing the
mixture LBV. Its influence increases at higher temperatures due to enhanced thermal
decomposition, while at 428 K, this reaction shows relatively weaker effect due to slower
kinetics. Reactions R11 (H, + O = H + OH), R160 (CH; + HO, = CH;0 + OH), and R144
(CHs + O = CO + H + H,) exhibit positive sensitivity coefficients, highlighting their sup-
portive role in promoting LBV. Although their impact is relatively lower, when compared to
key reactions like R12 and R187, they contribute through secondary radical-generation
pathways. R11 and R160 show minimal change in sensitivity with increase in temperature.
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Figure 8. Normalized sensitivity coefficients for methyl acetate/air mixtures at a) 428 K and 700 K under
stoichiometric conditions, and b) 700 K for different mixture equivalence ratios.

Reactions R9 (H+ O, +M = HO, + M) and R169 (CH, + M = CH; + H + M) exhibit
negative sensitivity coefficients. R9 acts as a chain-terminating reaction by consuming
the reactive H atoms and forming less reactive HO, radicals. Its negative effect is more
pronounced at 428 K, where radical availability is limited, and becomes slightly less
significant at 700 K due to enhanced radical generation from other reactions. R169
further depletes the radicals by combining CH; and H to form stable CH,, reducing
overall flame reactivity. Reactions R193 (H + HCO = CO + H,) and R196 (HCO + OH =
CO + H,0) show negative sensitivity coefficients, indicating their suppressive influence
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on LBV by consuming the reactive radicals. R193 consumes H and HCO radicals to
form CO and H, and exhibits a stronger negative sensitivity than R196, with minimal
variation between 428 K and 700 K conditions. In contrast, R196 consumes HCO and
OH radicals, shows a less negative sensitivity that becomes pronounced at 700 K. This
implies it is the suppressive role of R196 with higher radical concentrations at elevated
temperatures.

Figure 8b shows the sensitivity of key reactions to LBV at a mixture temperature of 700 K
for different equivalence ratios (¢ =0.7, 1.0, and 1.3), highlighting significant variations
with ¢. R12 shows a clear and strong increase in sensitivity as ¢ increases from lean (¢ =
0.7) to rich (¢ =1.3). This indicates that radical branching via O and OH production
becomes increasingly important in richer mixtures, where sustaining chain reactions relies
more on effective radical generation due to reduced oxygen availability. In contrast, R187
displays a decreasing trend in sensitivity with increasing equivalence ratio. Its role in
regenerating H radicals through CO oxidation is more pronounced under lean to stoichio-
metric conditions, where OH is more available. Under rich conditions, diminished OH
concentrations reduce the effectiveness of this pathway, leading to a weaker contribution to
LBV. R192 exhibits a non-monotonic sensitivity trend, with its coefficient being higher at ¢
=0.7 and ¢ = 1.3, but lower at ¢ = 1.0. This suggests that HCO decomposition into CO and
H plays a greater role at extreme mixture conditions, where either high oxygen availability
(lean) or high intermediate accumulation (rich) enhances its pathway. Similarly, R160
shows a similar non-monotonic pattern, with a lower sensitivity at ¢ = 1.0 and higher
values at ¢ = 0.7 and 1.3. This behavior indicates that the formation of OH radicals from
CHj; and HO, is more impactful under lean and rich conditions, likely due to increased
concentrations of CHj in rich conditions and HO, in lean conditions.

Reactions R9, R169, R193, and R196, all show negative sensitivity coefficients, indicating
their roles in suppressing LBV by consuming the pool of reactive radicals. R9 has the
strongest negative effect at ¢ =0.7, where it converts H radicals into HO,, significantly
reducing the chain propagation. Its impact decreases with increasing ¢ as the availability of
oxygen scarce in rich mixtures, making this O,-dependent termination path less dominant.
R169 exhibits an increasingly negative sensitivity with rising ¢. Its suppressive effect is most
notable at ¢ = 1.3, where high CH; and H concentrations promote recombination into
stable CH,, depleting the radical pool essential for LBV enhancement. R193 is absent at ¢ =
0.7, indicating that it plays a negligible role under lean conditions. However, it shows strong
negative sensitivity at ¢ = 1.0 and 1.3, with greater suppression in rich mixtures due to
increased HCO and H radical concentrations, which intensify the radical-consuming effect.
R196 displays a moderate negative sensitivity. As radical concentrations grow in rich
mixtures, this reaction more effectively consumes HCO and OH, further reducing the
mixture LBV at these conditions.

Sensitivity analysis shows that none of the top 10 reactions across different mixture
equivalence ratios (¢ =0.7, 1.0, and 1.3) and mixture temperatures (428 K and 700 K)
involve methyl acetate or its primary radicals. This suggests that the combustion behavior of
methyl acetate is largely governed by small (C, - C,) species chemistry rather than fuel-
specific decomposition reactions. A similar observation was reported by Lubrano Lavadera
et al. (2022), based on sensitivity analysis at 298 K for ¢ =0.8, 1.0, and 1.3. The study
concluded that models focusing on Cy - C, reaction pathways adequately describe the
consumption of methyl acetate derived intermediates such as CH;0CO, CH3CO,, and CH,
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CO (ketene). The effect of elevated mixture temperatures on the reaction pathway is
discussed in the supplementary material.

Conclusions

This study investigates the laminar burning velocity (LBV) of methyl acetate/air mixtures
over an elevated temperature range of 367 - 714 K and equivalence ratios (¢) from 0.7 to 1.4,
using the externally heated diverging channel method. The experimental results are com-
pared with existing measurements and with predictions from chemical kinetic models
developed by Ahmed (2019), Lubrano Lavadera (2022), and Diévart (2013), across various
temperatures and equivalence ratios. The present measurements show good agreement with
previously reported data over a broad range of conditions. The kinetic models by Ahmed
(2019) and Lubrano Lavadera (2022) demonstrate strong predictive performance, aligning
well with both the existing and current measurements at elevated mixture temperatures. In
contrast, the model by Diévart et al. (2013) tends to overpredict LBV values, under fuel-rich
conditions. Across all tested temperatures, the LBV exhibits a parabolic trend with
a maximum at a slightly rich equivalence ratio (¢ = 1.1), a behavior also captured by the
models. At ¢ = 1.0, the LBV increases by around 97% as the mixture temperature rises from
450 K to 650 K. Additionally, the peak LBV increases by about 86% when the temperature is
raised from 500 K to 700 K, emphasizing the strong temperature dependence of flame
speed. Sensitivity analysis indicates that the combustion chemistry of methyl acetate/air
mixtures is primarily governed by reactions involving C, - C,4 species.
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