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Ignition delay times of dimethyl carbonate DMC were measured using low- and high-pressure shock
tubes and in a rapid compression machine (RCM). In this way, the effect of fuel concentration (0.75%
and 1.75%), pressure (2.0, 20, and 40 atm) and equivalence ratio (0.5, 1.0, 2.0) on ignition delay times
was studied experimentally and by modeling. Experiments cover the temperature range of (795-1585K).
Several models from literature were used to perform simulations, thus their performances to predict
the present experimental data was examined. Furthermore, the effect of the thermodynamic data of the
CH;0(C=0)0 radical species and the fuel consumption reaction CH;0(C=0)OCH; = CH3;0(C=0)0 + CH3,
on the simulations of the ignition delay times of DMC was analyzed using the different models. Reaction
path and sensitivity analyses were carried out with the final model to present an in-depth analysis of
the oxidation of DMC under the different conditions studied. The final model used AramcoMech 2.0 as
the base mechanism and included a DMC sub-mechanism available in literature to which the reaction
CH;0(C=0)0CH; = CH30(C=0)0 + CH; was modified. Good agreement is observed between calculated
and experimental data. The model was also validated using available experimental data from flow reac-
tors and opposed flow diffusion and laminar premixed flames studies showing an overall good perfor-

mance.

© 2017 The Combustion Institute. Published by Elsevier Inc. All rights reserved.

1. Introduction

Dimethyl carbonate (CH30(C=0)OCH3, DMC), a non-toxic and
non-corrosive carbonate ester with no C-C bonds and containing
53% oxygen by weight, has been identified as a suitable fuel com-
pound to be added to diesel fuel to reduce PM emissions without
affecting NOyx emissions [e.g., 1]. Even though it is 100% miscible
with diesel fuel, it must be used as a blended fuel in diesel en-
gines due to its low cetane number (35-36), low calorific value
(15.78 MJ/kg), and high latent heat of evaporation (369 kj/kg) [2,3].

To contribute to the development of detailed chemical kinetic
models to describe the combustion characteristics of DMC, a thor-
ough understanding of its combustion chemistry is needed. These
chemical kinetic models can be used in conjunction with compu-
tational fluid dynamics (CFD) codes, with the necessary simplifi-
cations, to simulate the physical and chemical processes in en-
gines, leading to optimal engine efficiency with minimal emissions.
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To this end, studies addressing the thermal decomposition [4-6],
photolysis [7] and oxidation of DMC have been reported in the lit-
erature.

Sinha and Thomson [8] measured species concentrations across
DMC/air and propane/DMC/air opposed flow diffusion flames.
Formaldehyde was found to be an important intermediate species
in the DMC flame, and the presence of oxygen on the central car-
bon in DMC favors breakage of the O-CO bond which results in
very low levels of formation of methane, ethane, ethylene, and
acetylene. Glaude et al. [9] developed the first chemical kinetic
sub-mechanism for DMC conversion, which was incorporated into
a previously developed chemical kinetic mechanism for dimethoxy
methane (DMM) and dimethyl ether (DME) [10,11]. The predicted
composition profiles using this model were in reasonable agree-
ment with the measured species profiles from Sinha and Thomson
[8].

Chen et al. [12] investigated the oxidation of
n-heptane/DMC/O,/Ar mixtures in a laminar pre-mixed low-
pressure (30Torr) flame, at an equivalence ratio of 1.16, using
synchrotron photoionization and molecular-beam mass spectrom-
etry (PI-MBMS) techniques. Measured and simulated mole fraction
profiles of major and intermediate species were compared. The
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calculations were performed using a model which includes the
DMM and DMC sub-mechanisms from the model developed by
Glaude et al. [9]. The predicted concentrations of flame species
agree reasonably well with the measured results. The authors
observed an early production of CO, in both the measured and
modeling results which is suggested to occur mainly due to the
decomposition of methoxy formyl (CH;0C=0) radicals.

Peukert et al. [13,14] studied the high temperature thermal de-
composition of DMC, and its interaction with H and O atoms, us-
ing the shock tube technique in conjunction with master equation
analysis. Bardin et al. [15] measured laminar burning velocities of
DMC(/air flames at initial gas mixture temperatures of 298, 318,
338, and 358 K. These results were simulated using the model de-
veloped by Glaude et al. [9],and it was found that the model sig-
nificantly over-predicted the measured laminar burning velocities.

More recently, Hu et al. [16] measured ignition delay times
of DMC oxidation in a shock tube at high temperatures (1100-
1600K), at different pressures (1.2-10 atm), fuel concentrations
(0.5-2.0%) and equivalence ratios (¢ =0.5-2.0). A chemical kinetic
model, based on the modification of the DMC sub-mechanism from
Glaude et al. [9] and the AramcoMech 1.3 mechanism [17], was
proposed to describe the ignition delay times of DMC. The mea-
sured ignition delay times from this work, as well as the DMC/air
opposed diffusion flame data reported by Sinha and Thomson [8],
were compared with model calculations showing good agreement.

Sun et al. [18] investigated both pyrolysis of DMC in a flow re-
actor at different pressures (40, 200 and 1040 mbar) and its oxi-
dation in laminar premixed low-pressure DMC/O,/Ar flames with
equivalence ratios of 1.0 and 1.5, at 25 and 30 Torr, respectively. A
detailed kinetic model for DMC pyrolysis and combustion, based
on a new sub-mechanism for DMC conversion and the Aram-
coMech 1.3 mechanism [17], was proposed. This model was vali-
dated using the experimental data obtained by Sun et al. [18] and
with the opposed flow flame [8], burning velocities [15] and shock
tube [16] experimental data from the literature. A more detailed
description of these three DMC sub-mechanisms [9,16,18] is further
shown in Section 3.

Most recently, Alzueta et al. [19] carried out an atmospheric
flow reactor study of DMC oxidation in the absence and pres-
ence of NO in the temperature range 700-400K at ¢ =0.028, 1.00,
143, and 3.33. It was found that, in the DMC-NO interaction,
the fuel-rich conditions contribute slightly to the net reduction of
NOy. A detailed kinetic model, based on the DMC sub-mechanism
from Glaude et al. [9] and a core mechanism described and up-
dated by the authors [20-24], was proposed. With this model,
these authors evaluated the impact of the thermodynamic data
on the modeling results, finding that the enthalpy of formation
of the so-called DMC radical CH;0(C=0)0 significantly influences
the DMC conversion results. The influence of the thermodynamics
of the CH30(C=0)0 radicals species on our current ignition delay
time measurements will be further discussed in Section 4. Alzueta
et al. [19] also performed one DMC pyrolysis experiment in an at-
mospheric flow reactor in order to determine its capacity to form
soot, which was found to be very low. Following this work, Alexan-
drino et al. [25] studied the sooting propensity of DMC through py-
rolysis experiments in an atmospheric flow reactor in the temper-
ature range 1075-1475K and inlet DMC concentrations of 33,333
and 50,000 ppm. It was confirmed that DMC has a very low ten-
dency to form soot, even when compared with ethanol, because
the formation of CO and CO, is favored, and thus few carbon atoms
are available for soot formation. The formation of CO, is highly
favored by the decomposition of the CH;0C=0 and CH;0(C=0)0
radicals. Soot reactivity and characterization by instrumental tech-
niques was also considered, showing that the higher temperature
and the inlet DMC concentration of soot formation, the lower the
reactivity of the soot.

Table 1
Composition of DMC mixtures studied in the low-pressure shock tube.
Mix.  Ps® (atm) ¢ DMC (mole%) O, (mole%)  Ar (mole%)
1A 2 05 075 4.5 94.75
2A 2 1 0.75 2.25 97
3A 2 2 0.75 112 98.12
4A 2 05 175 10.5 87.75
5A 2 1 1.75 5.25 93
6A 2 2 1.75 2.62 95.62

2 Ps is the pressure behind the reflected shock wave.

To our knowledge, to date the work of Hu et al. [16] is unique
in studying ignition delay times for DMC oxidation. Although that
work covered a wide range of equivalence ratios, DMC concentra-
tions and pressures, more experimental data for the ignition of
DMC are needed to develop and validate chemical kinetic mod-
els to accurately describe DMC combustion. Keeping this in mind,
the aims of this work are: 1) to study ignition delay times of
DMC under new experimental conditions, and thereby extend the
available experimental data of DMC oxidation. In particular, low-
and high-pressure shock tubes were used and, for the first time,
a rapid compression machine was used in order to extend the
high-pressure shock tube data of DMC to lower temperatures; 2)
to compare the performance of the different models for DMC con-
version available in literature to predict the measured ignition de-
lay times of this work. This also includes the analysis of the ef-
fect of changing the thermodynamic of the CH;0(C=0)0 radicals
species and reaction kinetics on the modeling calculations. The
goal is to find a model that best predicts our experimental igni-
tion delay times and also various other experimental targets in-
cluding flow reactors and opposed flow diffusion and laminar pre-
mixed flames; and 3) to perform the chemical interpretation of the
effect of the DMC concentration, pressure and equivalence ratio on
measured ignition delay times through rate of production and sen-
sitivity analyses.

2. Experimental

Shock tube and rapid compression machine ignition delay time
data were obtained using the facilities at the National University of
Ireland Galway (NUIG). The full list of mixtures studied and their
compositions are provided in Tables 1 and 2. Experiments with sto-
ichiometric and fuel-rich mixtures compressed at 40 atm could not
be performed in the rapid compression machine due to the high
rate of heat release during ignition, which damaged the pressure
transducer used to monitor the pressure.

DMC liquid (99% pure, Sigma-Aldrich) was used without further
purification. O,, Ar and N, cylinders were supplied by BOC at high
purity (99.5%). Mixtures were prepared in an evacuated and heated
(348 K) stainless steel mixing tank at each facility, using the partial
pressure method. The fuel was injected via an injection port on
the tank using a gas-tight syringe, followed by the addition of O,
and finally the diluent (Ar or N,). For all conditions, the partial
pressure of the fuel was maintained at a value less than one-third
that of its saturated vapour pressure at the tank temperature to
avoid fuel condensation. Each mixture was allowed to homogenize
overnight before use. The uncertainty in mixture concentrations is
estimated to be +2%. The experimental procedure and facilities to
determine the ignition delay time data are explained briefly below.

2.1. Low-pressure shock tube

To measure the ignition delay time of DMC/O,/Ar mixtures at
high temperatures (T=1220-1585K) and at low pressure (P=2
atm) (mixtures in Table 1), a low-pressure shock tube (LPST),
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Fig. 1. Endwall pressure and CH* emission traces with the definition of ignition
delay time in the low-pressure shock tube. Example for 1.75% DMC, ¢ =1, P=2 atm
(mixture 5A in Table 1), T=1303K.

described previously by Smith et al. [26], was used. Briefly, the
stainless steel tube consists of a 63 cm long and 52 cm diameter
barrel-shaped driver section, which is coupled to a 6.22m long
driven section (internal diameter of 10.24 cm). The two sections
are separated using a polycarbonate diaphragm. Helium (99.99%,
BOC Ireland) was used as the driver gas. Five PCB 113B24 pres-
sure transducers, located in the driven section, were used to deter-
mine the shock velocity at the endwall, taking account of shock
wave attenuation by linearly extrapolating the five velocities to
the endwall. The endwall pressure was detected using a Kistler
(603B) pressure transducer. Light emission, which was emitted
from excited CH* radicals, was detected using a photo-detector
(Thorlabs Inc. PDA55-EC) and a narrow band-pass filter centered
at 430nm, through a fused silica window embedded in the end-
wall. All pressure and CH* emission signals were recorded using
two Handyscope HS4 digital oscilloscopes. The chemical equilib-
rium program (GasEq) [27] was used to calculate the reflected
shock temperature (Ts) and pressure (Ps) of each shock knowing
the test gas composition, shock wave velocity, initial pressure of
test gas and initial temperature of the gas. The uncertainties of the
reflected shock temperature is estimated to be £1K.

The ignition delay time was defined as the time interval be-
tween the rise in pressure due to the arrival of the shock wave at
the endwall and that due to fuel ignition. Fuel ignition is visible by
following the increase in light emission (in this case in form of CH*
emission) due to the ignition event. In this way, onset of ignition
was defined by extrapolating the maximum slope of CH* emission
to the baseline, as indicated in Fig. 1. The uncertainty in the mea-
sured ignition delay times was determined to be 4 15%, due to the
uncertainties in the conditions behind the reflected shock wave.

Fig. 2. Pressure trace with the definition of the ignition delay time in the high-
pressure shock tube. Example for ¢ =1, P=40 atm (mixture 5B in Table 2),
T=1199K.

Uncertainties in the mole fractions of reactants are minimal (< 5%)
as high accuracy digital pressure gauges were used.

2.2. High-pressure shock tube

The ignition delay times of DMC/air mixtures at high temper-
atures (T=950-1400K) and high pressures (P=20 and 40 atm)
(mixtures 1B-6B in Table 2) were measured in a heated high-
pressure shock tube (HPST) with driver and driven section lengths
of 3.0 and 5.7 m, respectively, and an internal diameter of 63.5 mm,
described in detail previously [28]. A 3 cm double-diaphragm sec-
tion separated the driver and the driven sections. Pre-scored alu-
minium plates were used as diaphragms.

The driver section was pressurized with pure helium or with a
helium-nitrogen mixture, the later to achieve a tailored condition
in order to obtain longer test time [29,30]. Approximately half of
the total driver pressure was filled into the middle-section, acting
as a buffer between the much lower initial test gas pressure and
the much higher driver gas pressure.

Six pressure transducers (PCB 113B24), mounted flush to the in-
terior wall of the heated driven section, were used to determine
the shock velocity at the endwall. In the same way, as that in
the low-pressure shock tube, this value was used to calculate the
temperature and pressure behind the reflected shock wave using
GasEq [27]. The pressure at the driven section endwall, used to
measure the ignition delay time, was monitored using a Kistler
603B pressure transducer. Pressure traces (example in Fig. 2) were
obtained using two Handyscope HS4 digital oscilloscopes. The ig-
nition delay time was defined as the time interval between the
pressure rise due to the arrival of the shock wave at the endwall
and the maximum rate of pressure rise due to the ignition event.

Table 2
Composition of DMC mixtures studied in the high-pressure shock tube (HPST) and rapid compression machine (RCM).
HPST RCM
Ps or Pc? (atm) ¢ Mix. DMC (mole%) O, (mole%) N, (mole%) Mix. DMC (mole%) 0O, (mole%)  Ar (mole%)
20 05 1B 3.38 20.30 76.32 1C 3.38 20.30 76.32
1 2B 6.54 19.63 73.82 2C 6.54 19.63 73.82
2 3B 12.28 18.43 69.29 3C 12.28 18.43 69.29
40 05 4B 338 20.30 76.32 4C 3.38 20.30 76.32
1 5B 6.54 19.63 73.82 - - -
2 6B 12.28 18.43 69.29 - - -

3 Ps is the pressure behind the reflected shock wave (in the HPST) and P. is the compressed gas pressure (in the RCM).
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Fig. 3. Pressure trace with the definition of the ignition delay time in the rapid
compression machine. Example for ¢ =1, P=20 atm (mixture 2C in Table 2),
T=795K.

Experimental uncertainty in ignition delay times was estimated as
+ 15%.

2.3. Rapid compression machine

Ignition delay times at low temperatures (T=795-975K) and
high pressures (P=20 and 40 atm) (mixtures 1C-4C in Table 2)
were measured in a rapid compression machine (RCM) described
previously by Darcy et al. [31]. This machine has a twin opposed-
piston configuration, resulting in a fast compression time of ap-
proximately 16 ms. Creviced piston heads were used to suppress
the in-cylinder roll-up vortices within the combustion chamber
and thus to improve the post-compression temperature distribu-
tion in the chamber. Compressed gas temperatures were varied by
adjusting the initial temperature of the reaction chamber surfaces
(maximum temperature of 393 K) via an electrical heating system
around the reaction chamber. The compressed gas temperature,
Tc, was calculated from the initial temperature, T;, initial pressure,
P;, reactant composition, and the experimentally measured com-
pressed gas pressure, Pc. For this calculation, the adiabatic com-
pression/expansion routine in Gaseq [27], which uses the temper-
ature dependence of the specific heat ratio of the test mixture, y,
according to the equation Eq. (1), was employed.

pc\ _ (T y dT
ln(E)‘/r,. y-1T W

The signal from a Kistler 603B piezoelectronic pressure trans-
ducer, installed in the combustion chamber, monitored the pres-
sure during each experiment and was recorded using a digital os-
cilloscope. The ignition delay time was defined as the time interval
from the end of compression (first local maximum on the pres-
sure trace) to the maximum rate of pressure rise due to ignition
(Fig. 3). An uncertainty of 4 15% is stimated for the RCM ignition
delay time measurements.

Non-reactive experiments were carried out under the same
conditions as the corresponding reactive case in order to obtain
pressure-time histories which are converted to volume-time histo-
ries (using the isentropic relationship between pressure and den-
sity) to be used in the simulations of the reactive mixtures. In
this way, facility effects including reaction during compression
and heat loss are taken into account [32]. The non-reactive mix-
tures were prepared by substituting O, in the reactive mixture
for the diluent gas being used. Due to the unreactive behaviour
of DMC, the diluent gas used in the RCM experiments was Ar,
which has a lower heat capacity than N,. In this way, the specific

heat ratio (y =Cp/Cy) of the test gas increases allowing to achieve
higher compressed temperatures. Figure 3 presents a typical pres-
sure trace measured in the RCM with the reactive and non-reactive
mixture. As observed in Fig. 3, only pressure rise due to compres-
sion of the gas is detected during the non-reactive experiments.

3. Modeling

CHEMKIN-PRO [33] was used to simulate our measured ignition
delay times. For the simulations in the shock tubes, constant vol-
ume conditions were assumed, while for the RCM variable volume-
time histories were employed to include facility effects [32].

As mentioned in the introduction, heretofore three sub-
mechanisms have been proposed in the literature to describe DMC
oxidation [9,16,18]. The first one was developed in 2005 by Glaude
et al. [9]. This sub-mechanism was added to a base mechanism
previously developed for DMM and DME [10,11]. The reaction rate
constants for reactions involving DMC were obtained by analo-
gies based on the reaction rate constants for other oxygenated
compounds including dimethyl ether, formic acid, and methyl bu-
tanoate. The complete model (henceforth called the GlaudeDMC
model) consists of 102 species and 442 reactions.

A decade later, Hu et al. [16] developed a new sub-mechanism
for DMC oxidation which contains the same reaction classes as
those contained in the sub-mechanism of Glaude et al. [9] (i.e. uni-
molecular decomposition, H-atom abstraction, ether-acid conver-
sion, H-atom abstraction of CH30(C=0)0H formed from the ether-
acid conversion, and radical decomposition. There are a total of
24 elementary reactions). Most of the rate constants of these re-
actions are the same as in the DMC sub-mechanism of Glaude
et al. [9], while other rate constants were modified to satisfac-
torily predict their ignition delay time measurements. In particu-
lar, the rate constants for the CH30C(=0)0-CH3 and CH30C(=0)-
OCH; bond cleavage reactions, producing CH;0(C=0)0 + CH; and
CH30C=0 + CH;30, respectively, were modified by those recom-
mended by Dooley et al. [34] for the C3H;-C(=0)0O-CH3 and
C3H;-C(=0)-0CH3 bond cleavage reactions in methyl butanoate.
Moreover, the rate constants of the H-atom abstraction from DMC
by 0,, H and O atoms, and C2H3, C2H5, CH3, CHgO, CHgOz, HOZ
radicals were assumed to be identical to those for methyl bu-
tanoate. As for the base mechanism, Hu used the AramcoMech
1.3 mechanism [17]. The complete model (henceforth called the
HuDMC model) consists of 275 species and 1586 reactions.

One year later (2016), Sun et al. [18] developed a new sub-
mechanism for DMC conversion including new theoretical deter-
minations and updated rates from literature and analogies. Com-
paring this most recent sub-mechanism with those of Glaude
et al. [9] and Hu et al. [16], new reactions were added (e.g.
the unimolecular decomposition reactions CH30(C=0)OCH3; =
the hydrogen abstraction reaction CH;0(C=0)OCH;+HCO =
CH30(C=0)OCH, + CH,0; and additionally the recombination re-
action of CH; and CH;0C(=0)OCH, radicals), while other reac-
tions were omitted (those involved in the ether-acid conversion
and H-atom abstraction from CH30(C=0)OH). In total, Sun’s sub-
mechanism for the DMC conversion incorporates 23 elementary re-
actions. The AramcoMech 1.3 [17] was also used as the base mech-
anism. The complete model (henceforth called the SunDMC model)
consists of 257 species and 1563 reactions.

Most recently, Alzueta et al. [19] developed a model by adding
the DMC sub-mechanism from Glaude et al. [9] to a base mech-
anism described and updated by the authors [20-24]. The com-
plete model (henceforth called the AlzuetaDMC model) consists
of 284 species and 1206 reactions. Alzueta et al. [19], highlighted
the importance of the thermodynamic data of the species involved
in the DMC sub-mechanism describing DMC oxidation, specifically
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Table 3

Enthalpy of formation of DMC and its associated species used in the GlaudeDMC, HuDMC, SunDMC and AlzuetaDMC models.

Hepogi (kcal/mol)

GlaudeDMC and HuDMC

SunDMC (Group additivity method
using THERM [35] software)

AlzuetaDMC (Group additivity method
using THERM [35] software)

Species (CBS-Q method)

CH;30(C=0)0CH; -136.06 -135.85
CH;30(C=0)0CH, -88.10 -86.843
CH30(C=0)0H -140.93 -
CH;0(C=0)0 -82.29 -83.85
CH,0(C=0)0OH -93.64 -

-136.05
-91.59
-141.77
-89.90
-97.39

Table 4

Rate coefficients in form of k=AT"exp(-E/RT) for reaction CH;0(C=0)OCH; = CH30(C=0)0 + CH; (units: cm3/mol/s/cal) in the GlaudeDMC, HuDMC,

SunDMC and AlzuetaDMC models.

Model Reaction A n E
GlaudeDMC AlzuetaDMC ~ CH30(C=0)0 + CH; = CH50(C=0)OCHj; * 3.00 x 1013 0.00 0.00
HuDMCP CH30(C=0)0CH3 (+M) = CH30(C=0)0+CH3 (+M) " 2.55 x 1023 -1.99 8.81 x 104
low/ 1.74 x 107 -1.60 x 10! 8.53 x 104/
troe / 218x10 ' 1.0 637 x 10> 821 x 109 /
SunDMC CH;0(C=0)0CH3 = CH30(C=0)0+CHs © plog/ 0.04  2.86 x 107 -17.58 112,5609.
plog / 0.1 7.95 x 1072 -16.71 112,126.
plog | 0.5 1.13 x 1067 -14.82 110,484.
plog | 1 1.29 x 1054 -13.89 109,488.
plog | 10 9.42 x 10%° -12.43 110,018.
plog / 100 3.51 x 1052 -10.08 108,107.
plog/ 1000  8.70 x 10%6 -3.51 79,326.

2 Assumed the same rate as high pressure rate for CH;O + CH; — CH;0CH3 [10].
b Adopted from the decomposition of methyl butanoate in the work of Dooley et al. [34].

¢ Calculated using the master equation code-PAPER [36].

the thermodynamic data of the CH;0(C=0)0 radical species.The
enthalpy of formation of DMC and its associated species in each
model, with the corresponding methods for their calculations, are
provided in Table 3.

The performance of all four models in predicting the ignition
delay times of this work, as well as the influence of the thermo-
dynamic data of the CH;0(C=0)0 radical species on the ignition
delay time calculated by each model will be discussed in the fol-
lowing section.

4. Results and discussion

This section is divided into three parts. The first part shows
the performance of the four aforementioned models (GlaudeDMC,
HuDMC, SunDMC, and AlzuetaDMC) in simulating the experimen-
tal ignition delay times of this work. The second investigates
the influence of the thermodynamic of the CH;0(C=0)0 radical
species on the calculations of the ignition delay times for all four
models, by changing the thermodynamic of this radical in each
model by the thermodynamic of this radical in the other models.
The third provides a chemical interpretation of the effect of the
DMC concentration, pressure and equivalence ratio on the ignition
delay times for DMC oxidation by performing rate of production
(ROP) and sensitivity analyses.

4.1. Performance of the models

Examples of the performance of the GlaudeDMC, HuDMC,
SunDMC and AlzuetaDMC models to predict the measured igni-
tion delay times at low (1.75% DMC, ¢ =1, P=2 atm, mixture 5A
in Table 1) and high (¢ =1, P=20 atm, mixtures 2B and 2C in
Table 2) pressure are provided in Fig. 4.

It can be seen that at low pressure (1.75% DMC, ¢ =1, P=2 atm,
Fig. 4a) the GlaudeDMC model significantly overpredicts the ex-
perimental ignition delay times over the entire temperature range
studied, while the HuDMC, SunDMC and AlzuetaDMC models un-
derpredict them. Regarding the modeling at high pressure (¢ =1,

P=20 atm, Fig. 4b), the GlaudeDMC and AlzuetaDMC models show
the poorest predictions, especially at low temperatures(<870K).
On the other hand, the HuDMC model agrees with the ignition de-
lay times at high temperatures (>900K), while it shows a large
underprediction of the ignition delay times at low temperatures
(<870K). The SunDMC model predicts the ignition delay times
over the entire temperature range studied moderately well, with
only a slight under-prediction at the highest temperatures studied
(=1250K). The same behavior in predictions is observed for all
the remaining experimental data at low and high pressure (not
shown).

Overall, the SunDMC model best predicts the measured data
at high pressure over the entire temperature range studied. How-
ever, the good prediction at high pressure but not at low pressure
(large underprediction) indicates that this model shows a weaker
pressure dependence compared to that observed in the experi-
ments. This could be attributed principally to the uncertainty in
the rate coefficients of the unimolecular decomposition reactions
of the fuel in the SunDMC model.

4.2. Effect of the thermodynamic of the CH;0(C=0)0 radical species
on the simulations

As discussed earlier/above, Alzueta et al. [19] found that the
thermodynamic data of the CH30(C=0)0 radical species greatly in-
fluences their calculations of DMC oxidation. Thus, to observe this
influence on the calculation of the ignition delay time data of the
present work, the thermodynamics of this radical was changed in
each of the four models (GlaudeDMC, HuDMC, SunDMC, and Alzue-
taDMC) and simulations were run. This change in thermodynam-
ics only represented an effect on the simulation data using the
GlaudeDMC and AlzuetaDMC models (Figs. 5 and 6, respectively)
throughout the temperature range studied at low pressure, and at
high temperatures (>950K) at high pressure, while the simulation
data at high pressure and low temperatures (< 870K) was not af-
fected.
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Fig. 4. Measured (symbols) ignition delay times in conjunction with calculations
(lines) using GlaudeDMC, HuDMC, SunDMC and AlzuetaDMC models. a) 1.75% DMC,
¢ =1, P=2 atm (mixture 5A in Table 1), and b) ¢ =1, P=20 atm (mixtures 2B and
2C in Table 2).

The unimolecular DMC decomposition reaction
CH;0(C=0)0CH; = CH;0(C=0)0+ CH; (R1), reported to be im-
portant for the fuel consumption at high temperatures [13,16,18],
and which rate constant is the same in both GlaudeDMC and
AlzuetaDMC models (Table 4), was identified to be the cause of
this event. When this reaction in GlaudeDMC and AlzuetaDMC
models was replaced by that in the HuDMC and SunDMC models,
the thermodynamics of the CH;0(C=0)0 radical species had no
any effect on the simulation data, as can be seen in Figs. 7 and 8,
respectively.

Moreover, when reaction R1 in HuDMC and SunDMC models
was replaced by that in the GlaudeDMC/AlzuetaDMC model, the
thermodynamics of the CH;0(C=0)0 radical species influenced the
calculations by these two models (Figs. 9 and 10). As in Figs. 7 and
8, this influence occurs all over the temperature range studied at
low pressure, while at high pressure, there is not effect of the ther-
modynamic of the CH;0(C=0)0 radical species on the calculations
at low temperature, which indicates that reaction R1 does not con-
trol the prediction of ignition delay times at low temperatures.
Also note that calculations with the HuDMC model using the re-
action R1 in the SunDMC model (Fig. 9), and vice versa (Fig. 10),
were not affected when the thermodynamics of the CH;0(C=0)0
radical species was changed.

Figures 4-10 show that simulations with the SunDMC model
that incorporate reaction R1 from the HuDMC model (Fig. 10)
(modified SunDMC model, henceforth called SunDMC_mod) agree
better with the experimental data at 1.75% DMC, ¢ =1, P=2 atm

culations of the ignition delay time by the GlaudeDMC model. a) 1.75% DMC, ¢ =1,
P=2 atm (mixture 5A in Table 1), and b) ¢ =1, P=20 atm (mixtures 2B and 2C in
Table 2).

(Fig. 10a), and ¢ =1, P=20 atm (Fig. 10b), than the original (Fig. 4)
and the modified (Figs. 5-9) models.

Besides reaction R1, the reaction CH30(C=0)OCH; =
CH30CH3 +CO, (R2) has been reported [13,18] to be a domi-
nant decomposition channel, and thus competes with reaction
R1. Thereby, the ignition is also influenced by the kq/(k;+ky)
branching ratio. The rate constant, k; in Hu et al. [16] was
adopted from the decomposition of methyl butanoate in the work
of Dooley et al. [34], and is in reasonable agreement with the
reaction rate measured directly by Peukert et al. [13]. On the
other hand, k, used by Sun et al. [18] was determined by master
equation analysis and is also in agreement with that measured by
Peukert et al. [13], being improved in relation to that used by Hu
et al. [16] which was taken from the estimation of Glaude et al.
[9] based on reactivity analogy.

Calculations for the remaining experimental conditions stud-
ied (1.75% DMC: ¢=0.5 and 2.0; 0.75% DMC: ¢ =0.5, 1.0 and
2.0; P=20 atm: ¢=0.5 and 2.0; P=40 atm: ¢=0.5, 1.0 and
2.0) were performed using the SunDMC_mod model. This model
predicts our measured ignition delay times at both low and
high pressures and at all of the temperatures and equivalence
ratios studied. As mentioned earlier, the SunDMC_mod model
uses AramcoMech 1.3 as the base mechanism, and replacing this
with AramcoMech 2.0 [37], i.e., the sub-mechanism for the DMC
conversion in the SunDMC_mod model has been added to the
AramcoMech 2.0 mechanism (this final model will be called Aram-
coMech2.0 + SunDMC_mod), had no effect on our ignition delay
time predictions. The thermodynamic data used correspond to the
same sources as the reactions, i.e., all the thermodynamic data are
from AramcoMech 2.0 except the thermodynamics of DMC and its
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Fig. 6. Effect of the thermodynamic of the CH;0(C=0)0 radical species on the cal-
culations of the ignition delay time by the AlzuetaDMC model. a) 1.75% DMC, ¢ =1,
P=2 atm (mixture 5A in Table 1), and b) ¢ =1, P=2 atm (mixtures 2B and 2C in
Table 2).

associated species which are from SunDMC model. This updated
mechanism is provided as Supplementary Material.

In the following section, the AramcoMech2.0 +SunDMC_mod is
used to perform the simulations (which results are the same that
using the SunDMC_mod model), as well as the chemical interpre-
tation of the effect of the DMC concentration, pressure and equiv-
alence ratio on DMC ignition delay times.

The performance of the AramcoMech2.0 + SunDMC_mod model
in predicting the concentration profiles of the species measured in
the flame studies of Sinha and Thomson [8] and Sun et al. [18],
as well as in the flow reactors of Sun et al. [18] and Alzueta et al.
[19] are provided in Figs. S1-S5 of the Supplementary material.

4.3. Effect of the parameters on the ignition delay time. Chemical
interpretations

4.3.1. Effect of the DMC concentration

Figure 11 shows the effect of DMC concentration under fuel-
lean (¢ =0.5), stoichiometric (¢ =1), and fuel-rich (¢ =2) condi-
tions (mixtures 1A-6A in Table 1). Similar to other hydrocarbons,
and as reported by Hu et al. [16], an increase in DMC concentra-
tion increases reactivity, i.e., it decreases ignition delay times, for
all of the equivalence ratios studied.

To further study the effect of the DMC concentration on the ig-
nition delay time, a reaction pathway analysis (ROP) and a brute
force sensitivity analysis were performed for 0.75% and 1.75% DMC,
at ¢ =1, P=2 atm at T=1350K. Sensitivity coefficients (S;) were
calculated using an automated code developed in-house and are
expressed according to Eq. (2).

o log o (Tkx2/Tk/2)

logy(2/0.5) @

1000/T (K")

Fig. 7. Effect of reaction R1 on the calculations of the ignition delay time by the
GlaudeDMC model, and effect of the thermodynamic of the CH;0(C=0)0 radical
species with the change of reaction R1. a) 1.75% DMC, ¢ =1, P=2 atm (mixture 5A
in Table 1), and b) ¢ =1, P=20 atm (mixtures 2B and 2C in Table 2).

where 7y,, is the simulated ignition delay time when a rate con-
stant is increased by a factor of 2 and 7y, is that predicted when
a rate constant is decreased by a factor of 2. Therefore, a negative
sensitivity coefficient denotes a rate constant that promotes reac-
tivity (decreasing ignition delay time by increasing the rate con-
stant), and vice versa.

The reaction pathway analysis depicted in Fig. 12, which was
carried out at the time of 20% DMC conversion, indicates that the
major paths associated with DMC consumption are two DMC uni-
molecular decompositions reactions and the H-atom abstraction
from DMC, principally by H atoms and OH radicals.

The most important pathway for DMC consumption is its uni-
molecular decomposition to produce dimethyl ether (CH30CH3)
and CO, (reaction R2). 35% and 32.4% of the fuel decomposes by
this route for the 0.75% and 1.75% DMC mixtures, respectively.

The CH30CH3 so formed can be largely consumed via two main
pathways: (a) H-atom abstraction by H atoms (31.1%, 25.8%), and
OH (25.2%, 30.6%) and CH5 (15.9%, 19.2%) radicals (with percent-
ages in brackets corresponding to mixture of 0.75% and 1.75%
DMC, respectively) to lead, in a further step, to the formation
of formaldehyde and methyl radicals; or (b) decomposition to
give CH; and methoxy (CH;0) radicals (23.4 %, 19.7%) (reaction
R3) which then principally decompose via reaction R4 to give
formaldehyde and H atoms (93.6 %, 86.5%).

CH30CH; (+M) = CHs +CH50 (+M) (R3)

CH30 (+M) = CH,0+H (+M) (R4)

The other important unimolecular decomposition reaction for
DMC consumption (although, based on our reaction pathway
analysis, it is the less important route) is reaction R1, which
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Fig. 8. Effect of reaction R1 on the calculations of the ignition delay time by the
AlzuetaDMC model, and effect of the thermodynamic of the CH;0(C=0)O0 radical
species with the change of reaction R1. a) 1.75% DMC, ¢ =1, P=2 atm (mixture 5A
in Table 1), and b) ¢ =1, P=20 atm (mixtures 2B and 2C in Table 2).

consumes 23.2% and 21.9% of the fuel for the mixtures with 0.75%
and 1.75% DMC, respectively. The CH;0(C=0)0 radical formed to-
tally decomposes to CO, and CH30 radicals which mainly decom-
poses to formaldehyde and H atoms via reaction R4.

H-atom abstraction from DMC, principally by H atoms (24.4%,
22.7%), to produce DMC radicals (CH;0(C=0)OCH,) and molecular
hydrogen (reaction R5), is the second-most important reaction for
the consumption of DMC under the conditions analysed.
CH50(C=0)0CH; + H = CH30(C=0)0CH; + H, (R5)

The CH;0(C=0)OCH, radicals formed can decompose to
formaldehyde and methoxy formyl radicals (CH;0C=0) (reaction
R6), which in turns decompose to CHs radicals and CO, (reaction
R7).

CH30C=0 + CH,0

CH50(C=0)0CH, = (R6)

CH3;0C=0 = CH;3+CO, (R7)

The sensitivity analysis provided in Fig. 13 indicates that the
most important reactions promoting reactivity are the H+0, =
O+ OH (R8) chain-branching reaction and the fuel-specific reac-
tion R1. However, the chain-branching reaction becomes less sen-
sitive with increasing fuel concentration, while the specific-fuel re-
action becomes more sensitive with increasing fuel concentration.
The high dependence of the 1.75% DMC mixture on reaction R1 can
explain the decrease in ignition delay times with increasing fuel
concentration, since the higher the DMC concentration, the higher
the reaction rate of reaction R1 leading to shorter (faster) ignition
delay times.

1000/T (K™)

Fig. 9. Effect of reaction R1 on the calculations of the ignition delay time by the
HuDMC model, and effect of the thermodynamic of the CH;0(C=0)O0 radical species
with the change of reaction R1. a) 1.75% DMC, ¢ =1, P=2 atm (mixture 5A in Table
1), and b) ¢ =1, P=20 atm (mixtures 2B and 2C in Table 2).
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Fig. 10. Effect of reaction R1 on the calculations of the ignition delay time by
the SunDMC model, and effect of the thermodynamic of the CH;0(C=0)0 radical
species with the change of reaction R1. a) 1.75% DMC, ¢ =1, P=2 atm (mixture 5A
in Table 1), and b) ¢ =1, P=20 atm (mixtures 2B and 2C in Table 2).
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Fig. 11. Effect of DMC concentration on ignition delay times at P=2 atm and
¢=0.5 (mixtures 1A and 4A in Table 1), 1.0 (mixtures 2A and 5A in Table 1),
and 2.0 (mixtures 3A and 6A in table 1). Symbols: experimental data. Lines: Aram-
coMech2.0 + SunDMC_mod modeling.

Reaction R1 leads to the formation of CH; radicals, which pro-
mote reactivity, mainly for the 1.75% DMC mixture, due to reac-
tions R9 and R10.

CH; +HO, = CH;0+ OH (R9)

CH,0 + CH; = HCO + CH,4 (R10)

Methoxy (CH50) and formyl (HCO) radicals further decompose
by reactions R4 and R11, respectively, giving reactive H atoms and
then leading to the increase of the reaction rate of the high sensi-
tive promoter reaction R8.

HCO+M = H+CO+M (R11)

Other important promoting reaction, mainly for the mixture
with 0.75% DMC, is the dimethyl ether decomposition reaction R3.
This reaction promotes reactivity because besides forming CH; rad-
icals, it also produces reactive H atoms via the decomposition of
CH30 radicals (reaction R4).

H-atom abstraction from DMC by H atoms (reaction R5), is the
most inhibiting reaction as it forms a stable hydrogen molecule
from a very reactive hydrogen atom, and this reaction also com-
petes with the most important chain-branching reaction RS, by
consuming approximately 47% of the total concentration of H
atoms, resulting in a reduced reactivity.

The other reactions inhibiting reactivity are termination reac-
tions which involve consumption of CH; radicals (mainly for the
mixture of 1.75% DMC) by reactions R12 and R13, and very reac-
tive H atoms (mainly for the mixture of 0.75% DM) via reactions
R14 and R15, to produce stable species.

CH3+HO , = CH4+ 0, (R12)

CH; + CH; (+M) = CyHg (+M) (R13)
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10 ™ T T temperatures below approximately 1250K. This increase in reac-
06 07 08 0.9 1.0 tivity with increasing pressure is expected as at higher pressures
-1 . . .
1000/T (K™) the absolute concentration of reactants increases, thereby increas-

Fig. 14. Effect of the pressure on ignition delay times of DMC for ¢ =0.5 (mix-
tures 1B, 4B, 1C and 4C in Table 2), 1.0 (mixtures 2B, 5B and 2C in Table 2) and
2.0 (mixtures 3B and 6B in Table 2). Symbols: experimental data. Lines: Aram-
coMech2.0 + SunDMC_mod modeling.

HO ,+H = Hy+ 0, (R14)

CH3+H (+M) = CHy (+M) (R15)
4.3.2. Effect of the pressure

Figure 14 shows the effect of pressure on DMC ignition delay
times at all three equivalence ratios studied (mixtures 1B-6B and,
1C, 2C and 4C in Table 2). No ignition was observed with the fuel-
rich mixture compressed at 20 atm in the RCM (3C in Table 2) and,
as mentioned in Section 2, experiments with stoichiometric and
fuel-rich mixtures compressed to 40 atm could not be performed
in the RCM.

The ignition delay time decreases with increasing pressure at
all equivalence ratios, with a more pronounced pressure effect at

ing the reaction rate.

Rate of production/ROP and sensitivity analyses were performed
at 860K and 1350K for 20 and 40 atm, ¢ =0.5, and are shown in
Figs. 15 and 16, respectively. The analyses were carried out at low
(860K) and high (1350K) temperature to account for the largest
difference in ignition delay times observed at temperatures below
1250K.

As shown in Fig. 15, at a given temperature, the main reac-
tion pathways for DMC consumption are the same at both pres-
sures. However, there are differences in these at low and high
temperatures. At high pressures and temperatures (Fig. 15b), the
reaction flux resembles that at low pressures and high temper-
atures (Fig. 12), with the difference being that, at high pressure
the unimolecular fuel decomposition reaction R1 is not impor-
tant while H-atom abstraction reactions are important. H-atom ab-
straction from DMC, mostly by OH radicals, is the dominant path-
way consuming DMC at both pressures, being slightly higher at
40 atm compared to 20 atm (55.1% and 47.6%, respectively). On the
other hand, at high pressures and low temperatures (Fig. 15a), fuel
consumption is controlled by H-atom abstraction reactions by OH
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HO2 + HO2 <=> H202 + O2

CH302 + CH3 <=> CH30 + CH30
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CH30(C=0)OCH3 + OH <=> CH30(C=0)OCH2 + H20

CH20 + CH302 <=> HCO+ CH302H

H202 (+M) <=> OH + OH (+M)

CH30(C=0)OCH3 + HO2 <=> CH30(C=0)OCH2 + H202

CH30(C=0)OCHg + CH30, <=> CH30(C=0)OCHj + CH30,H

CH3 + CH3 (+M) <=> C2Hs (+M)

CH3 + HO2 <=> CH4 + 02
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CH20 + CH3 <=> HCO + CH4
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Fig. 16. Sensitivity analysis at a) T=860K and b) T=1350K for P=20 and 40 atm, ¢ =0.5.

radicals, with the percentage of DMC consumption being almost
the same at both pressures (84.1% and 84.3% at 20 atm and 40 atm,
respectively).

Figure 16 indicates that, at a given temperature, the reac-
tions controlling reactivity are the same at both pressures, which
suggests that the decrease in ignition delay time with increasing
pressure, observed in Fig. 14, is largely due to the increase in ab-
solute concentration of reactants (DMC and O,) at higher pressure,
rather than to a change in the controlling chemistry. However, the
reactions controlling the reactivity at low and high temperatures
are completely different.

At low temperatures (860K, Fig. 16a), there are three fuel-
specific reactions (R16, R17, and R18) that strongly promote reac-
tivity.

CH30(C=0)0CH3 + CH30, = CH30(C=0)0CH, + CH30,H (R16)
CH;0(C=0)0CH; + HO, = CH;0(C=0)0CH, + H,0, (R17)

CH50(C=0)0CH; + OH = CH;0(C=0)0CH, + H,0 (R18)

The CH30(C=0)OCH, radicals formed from these three re-
actions can further decompose to produce formaldehyde and
CH30C=0 radicals (reaction R6), which in turn decompose to pro-
duce CH5 radicals and CO, (reaction R7). Moreover, the CH;0,H
and hydrogen peroxide (H,0,) molecules formed, decompose to
form one and two OH radicals through reactions R19 and R20, fur-
ther promoting reactivity.

CH30,H = CH;0 + OH (R19)

H,0, (+M) = OH + OH (+ M) (R20)

Thus, for each molecule of fuel that reacts with methylperoxy
(CH50,) and hydroperoxyl (HO,) radicals, one and two OH radicals
are formed, respectively. This greatly promotes reactivity because,
as previously discussed in relation to Fig. 15, the main path for
DMC consumption at high pressures is H-atom abstraction by OH
radicals, which in turn also promotes reactivity at high pressures
and low temperatures (Fig. 16a).
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Fig. 17. Effect of equivalence ratio on ignition delay times of a) 0.75% DMC and b)
1.75% DMC at P=2 atm (Mixtures 1A-6A in Table 1). Symbols: experimental data.
Lines: AramcoMech2.0 + SunDMC_mod modeling.

Another reaction that promotes the formation of OH radicals
and hence increases reactivity, is the reaction of formaldehyde
with the CH;0, radicals to produce HCO radicals and CH;0,H
molecules. This promotes reactivity because it leads to the forma-
tion of OH radicals through (1) the decomposition of the CH;0,H
molecules (reaction R19), and (2) the reaction of the HCO radicals
with molecular oxygen by the following reaction sequence:

HCO +0, = CO+HO, (R21)

HO, + HO, = H,0,+0, (R22)

Thereafter the H,O, molecules decompose via reaction R20,
leading to the formation of two OH radicals.

As it is observed in Fig. 16a, reaction R22 inhibits reactivity be-
cause this termination reaction competes with H-atom abstraction
from DMC (reaction R17). If HO, radicals react with DMC instead
of reacting with each other, two H,O, molecules can be formed
(through reaction R17), ultimately leading to the formation of four
OH radicals (through reaction R20), thereby increasing reactivity.

The other reaction that inhibits reactivity is the termination re-
action of CH;0, with methyl radicals to produce two CH30 rad-
icals. In this way, CH30, radicals are consumed to produce sta-
ble species instead of reacting with DMC (by reaction R16) to fur-
ther form the OH radicals through the decomposition of CH;0,H
molecules (reaction R19).

1000/T (K™)
Fig. 18. Effect of equivalence ratio on ignition delay time of DMC at P=20 and

40 atm (Mixtures 1B - 6B and 1C, 2C and 4C in Table 2). Symbols: experimental
data. Lines: AramcoMech2.0 + SunDMC_mod modeling.
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TFTT
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—
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Fig. 19. Sensitivity analysis for ¢ =0.5, 1.0, and 2.0, 1.75% DMC, P=2 atm at
T=1350K.

The sensitivity coefficients of these two inhibiting reactions in-
crease with decreasing pressure, indicating that these two reac-
tions are more dominant at lower pressures.

At high temperatures (1350K, Fig. 16b), most of the reactions
promoting and inhibiting reactivity are similar to those discussed
above in Fig. 13. Reaction R1 leads to the formation of CH; radi-
cals which promotes reactivity, since they react with hydroperoxyl
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Fig. 20. Sensitivity analysis at a) T=860K and b) T=1350K, for P=20 atm, ¢ =0.5, 1.0, and 2.0.

radicals to produce CH;O0 radicals and highly reactive OH radicals
(reaction R9). The other reactions promoting reactivity also involve
the formation of OH radicals directly or by H,0, molecules and
HCO radicals as intermediates to ultimately produce OH radicals by
reactions R20-R22. On the other hand, the reaction between CH;
and HO, radicals (reaction R12) and the recombination of two CH;
radicals to produce ethane (reaction R13) decrease reactivity be-
cause these are chain-termination reactions and compete with the
promoting reaction R9.

The largest difference on the ignition delay times, observed
between the two pressures at temperatures below 1250K, is at-
tributed to the fact that at low temperatures the system reactivity
is highly controlled by reactions that involve fuel consumption (re-
actions R16-R18), thus the effect of increasing DMC concentration,
due to the increase in pressure, is more noticeable than at high
temperatures.

4.3.3. Effect of the equivalence ratio

The equivalence ratio dependence was also analyzed for low
(2 atm) and high pressures (20 and 40 atm). Figure 17 shows
that, at 2 atm at both DMC concentrations, ignition delay times
decrease, i.e. reactivity increases with decreasing equivalence ra-

tio (increasing O, fraction) at all temperatures investigated, with
the fuel-lean mixture being the most reactive. Conversely, at high
pressures reactivity increases with increasing equivalence ratio, as
shown in Fig. 18. This tendency is more prominent at lower tem-
peratures indicating that DMC shows different equivalence ratio
sensitivities at different temperatures.

In order to analyze the equivalence ratio sensitives of igni-
tion delay time under different equivalence ratio at low (2 atm)
and high (20 atm) pressure, a sensitivity analysis is shown in
Figs. 19 and 20, respectively. The high pressure sensitivity analysis
(Fig. 20) was performed at low (860K) and high (1350K) tempera-
ture to account for the largest difference on the ignition delay time
observed in the lower temperature regime.

It is highlighted that at low pressure (Fig. 19), reaction R8 pro-
motes reactivity (decreases ignition delay times), while at high
pressure (Fig. 20), reactions involving DMC consumption are more
important in promoting reactivity (reactions R16-R18 for low tem-
perature and reaction R1 for high temperature) instead of reac-
tion R8. Consequently, the fuel-lean mixture is more reactive at
low pressures (Fig. 17) due to its higher oxygen content which
leads to a higher reaction rate of reaction R8. On the other hand,
the fuel-rich mixture is more reactive at high pressures (Fig. 18)
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because its higher DMC content leads to a higher reaction rate of
the fuel-specific reactions. The largest difference in reactivity is in
the lower temperature regime since, as seen in Fig. 20, there are
more fuel-specific reactions promoting reactivity at low tempera-
tures (Fig. 20a) than at high temperatures (Fig. 20b).

5. Conclusions

This work presents ignition delay time measurements of
DMC/O,/Ar and DMC/O,/air mixtures in low- and high-pressure
shock tubes and in a rapid compression machine. Investigation of
the effects of some experimental parameters such as, DMC con-
centration (0.75% and 1.75%), equivalence ratio (0.5, 1.0, and 2.0),
and reflected shock temperature (795-1585K) and pressure (2.0,
20, and 40 atm) were performed to further understand the low
and high temperature and pressure behavior of DMC oxidation.

The performance of four models from the literature in pre-
dicting the present experimental data was analyzed, followed by
the study of the effect of the thermodynamic of the CH;0(C=0)0
radical species on ignition delay time calculations. It was ob-
served that, depending on the rate constant for the fuel decompo-
sition reaction CH;0(C=0)OCH; = CH;0(C=0)0+ CH;, the ther-
modynamics of the CH;0(C=0)O radical species have an effect
on the ignition delay times at high temperatures, at both low-
and high-pressures. The effect of the reaction CH30(C=0)OCH; =
CH;30(C=0)0 + CH; on the calculations of ignition delay times was
also analyzed.

A final model, Aramco2.0+ SunDMC_mod, whose calculations
showed good agreement with the ignition delay time measure-
ments from this work, was used to perform reaction path and sen-
sitivity analyses to determine the most important reactions con-
trolling DMC oxidation over the wide range of conditions studied.
This model was also used to calculate the concentration profiles
of species measured in flow reactors, and opposed flow diffusion
and laminar premixed flames showing satisfactory predictions of
the experimental results.

The kinetic study showed that reactivity of the system (re-
duction of the ignition delay time) increases with an increase
in DMC concentration and in pressure due to the increase in
reactant concentrations. On the other hand, the influence of the
equivalence ratio depends on pressure; at low pressures reac-
tivity increases with decreasing equivalence ratio, while at high
pressures reactivity increases with increasing equivalence ratio.
This is because, at low pressures, reactivity is mainly due to
the reaction H+0, = O+OH, and thus the lower the equiv-
alence ratio (increasing O, fraction), the higher is the rate of
this chain-branching reaction. On the contrary, at high pressures
the reactivity of the system is promoted by fuel-specific reac-
tions (CH30(C=0)OCH; +CH;0, = CH;0(C=0)0CH, + CH;0,H;
CH;0(C=0)0CH; +HO, =  CH30(C=0)0CH, +H,0,; and
CH;0(C=0)0CH3; +OH = CH;0(C=0)0CH, +H,0 for low tem-
perature, and CH30(C=0)OCH3; (+M) = CH30(C=0)0 -+ CH;3 for
high temperature), thus higher equivalence ratio (increasing fuel
concentrations) lead to higher reactivity. At high pressures, the
influence of pressure and equivalence ratio on ignition delay times
is more prominent at low temperatures because a large number of
fuel-specific reactions promote reactivity in this regime.
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