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High-Pressure Pyrolysis and Oxidation of DME and DME/CH,4

Hamid Hashemi®, Jakob M. Christensen®, Peter Glarborg?®

“DTU Chemical Engineering, Technical University of Denmark, DK-2800 Lyngby, Denmark

Abstract

The pyrolysis and oxidation of dimethyl ether (DME) and its mixture with methane
were investigated at high pressure (50 and 100 bar) and intermediate temperature (450
900 K). Mixtures highly diluted in nitrogen with different fuel-air equivalence ratios
(® = o0, 20, 1, 0.06) were studied in a laminar flow reactor. At 50 bar, the DME pyrolysis
started at 825 K and the major products were CH,, CH50O, and CO. For the DME
oxidation at 50 bar, the onset temperature of reaction was 525 K, independent of fuel-
air equivalence ratio. The DME oxidation was characterized by a negative temperature
coefficient (NTC) zone which was found sensitive to changes in the mixture stoichiometry
but always occurring at temperatures of 575625 K. The oxidation of methane doped
by DME was studied in the flow reactor at 100 bar. The fuel-air equivalence ratio
(®) was varied from 0.06 to 20, and the DME to CHy4 ratio changed over 1.8-3.6%.
Addition of DME had a considerable promoting effect on methane ignition as the onset
of reaction shifted to lower temperatures by 25-150 K. A detailed chemical kinetic model
was developed by adding a DME reaction subset to a model developed in previous high-
pressure work. The model was evaluated against the present data as well as data from
literature. Additional work is required to reconcile experimental and theoretical work on
reactions on the CH30CH;00 PES with ignition delay measurements in the NTC region

for DME.
Keywords: dimethyl ether (DME), methane, oxidation, high pressure, reaction

mechanism, flow reactor, intermediate temperatures, fuel additive, NTC

1. Introduction

The steady increase in the global energy demand along with the release of carbon
dioxide and harmful pollutants from the combustion of fossil fuels are the major moti-

vations to seek alternative sources of energy. In medium term, fuels which produce less
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pollutants and have a higher energy efficiency may relieve the environmental problems to
some extent. Among the alternative fuels, dimethyl ether (DME) has attracted interest,
especially for use in engines. DME can be produced from different feedstocks, e.g., oil,
natural gas, coal, biomass, and waste products. Bio-derived DME fuel can potentially
reduce the CO, load on the environment. Lower ignition temperature, shorter ignition
delay time, and easier evaporation compared to conventional diesel fuels make DME an
attractive alternative. Replacing diesel fuel by DME reduces the emission of particu-
late matter (PM) and nitrogen oxides (NOy) from slightly modified compression-ignition
(CI) engines [1H5]. The absence of a C-C bond in the molecular structure of DME, as
well as its content of oxygen, is believed to suppress soot formation [2]. DME can also
replace natural gas in slightly modified gas turbines [6]. However, the relatively low en-
ergy density and the potentially increased emission of aldehydes and CO may challenge
widespread usage of DME as a fuel [2].

DME has also been considered as an additive to improve combustion properties of
fuels such as natural gas. Adding DME to natural gas or methane accelerates ignition
[7-11], increases the flame speed [8, 12], and alter extinction limits [13]. Furthermore,
DME addition can suppress the formation of polycyclic aromatic hydrocarbons (PAHs)
and soot [14] and reduce NOy emissions [15]. DME is also an effective additive in ethanol-
fueled CI and SI (spark-ignition) engines [16, [17]. DME was considered as an additive
to methanol for use in CI engines in early studies [18420]. Whereas DME accelerates
methane ignition, its effect on ethane oxidation is more complicated [21]. Therefore there
is an incentive to understand interactions between DME and the components of natural
gas, especially since local variations in the composition of natural gas can be noticeable.

The DME ignition and oxidation show a complicated behaviour with a negative tem-
perature coefficient (NTC) at intermediate temperatures [22-25]. Ignition in engines is
greatly affected by combustion chemistry at high pressure and intermediate temperature.
Moreover, the low-temperature fuel chemistry affects significantly the turbulent flame and
its propagation velocity [26]. Studies in the high-pressure, medium temperature regime
are usually limited to flow reactors and rapid compression machines (RCM), but for DME
shock tubes are also useful due to its short ignition delay time. Most reported shock-tube

studies have been limited to pressures below 30 bar [9, 10, 27, 28], but Pfahl et al. [22]



measured ignition delays at pressures up to 40 bar, reasserting the two-stage ignition
of DME. DME flame-measurements were conducted at pressures as high as 10-20 bar
[29-31], but they mostly reflect the high-temperature oxidation chemistry of DME.

Ignition delays and flame speeds are valuable as benchmarks in kinetic studies, but
for details of the oxidation chemistry species profiles upon ignition from flow reactors
offer useful information. Dagaut and coauthors [23, 32| used a jet-stirred reactor (JSR)
to study DME oxidation at pressures up to 10 atm. More recently, Rodriguez et al. [33]
studied DME oxidation in an atmospheric jet-stirred reactor at 550-1100 K. Moshammer
et al. [34] coupled a jet-stirred reactor with molecular-beam sampling capabilities to
detect HOOCH;OCHO, methyl formate, formic acid and some other components in DME
oxidation at a low temperature of 540 K. DME oxidation in flow reactors were investigated
at atmospheric pressure by Herrmann et al. [35, 136] and Kurimoto et al. [37], and by
Dryer and coauthors [24, 25, 138, 139] at pressures below 20 atm. Very recently, Marrodén
et al. [40] investigated DME oxidation at 450-1050 K and 20-60 bar, focusing on its
interaction with NO,.

Despite its importance, results on interactions of DME with natural gas components
are still rare. Flow-reactor measurements of CH,;/DME oxidation have been reported
by Sen et al. [11] (6 atm and 532-992 K) and Amano and Dryer [7] (10-18 atm and
800-1060 K). Burke et al. [28] measured ignition delays of CHy/DME mixtures over 10—
30 atm and 600-1400 K, while Dames et al. [41] reported data for C3Hg/DME mixtures
at 10-50 atm and 550-2000 K Other studies of DME addition to natural gas components,
e.g., [8-10, 12], were mostly limited to temperatures above 1000 K. Extending data to
high pressure and intermediate temperature is beneficial in understanding CH,/DME
interactions.

Developing chemical kinetic models for combustion of methane and DME is a vital step
in utilizing their mixtures practically. Early models for DME oxidation were proposed by
Dagaut and coauthors |23, 132] and by Alzueta et al. [42], based on data from jet-stirred
reactors (JSR) and atmospheric flow reactors, respectively. In a series of papers, Curran
and coworkers [24, 25,138, 43| established a DME mechanism, based on modeling of data
from flow reactors and RCM. This model was recently updated to improve the predictive

capabilities at high pressure [28]. Studies of ignition and oxidation of mixtures of CHy



and DME [7-10, [12, 13] have to a significant extent relied on the models for neat DME
oxidation.

In this work, we present the results of DME pyrolysis and oxidation at 50 bar as well as
results of tests on methane doped with DME at 100 bar, all at 450-900 K. All experiments
are conducted in a laminar flow reactor under conditions ranging from strongly reducing
to very oxidizing. A DME reaction subset is established by individual evaluation of
thermodynamic properties and elementary reactions. This subset is added to a base
model developed earlier for hydrogen, hydrocarbons, and alcohols and carefully validated
for high-pressure conditions [44-49]. Modeling predictions are compared with the present
data and results from the literature. The first-principles approach to modeling adopted
in this work is different from that taken in literature, where mechanisms are generally
tuned to improve accuracy. The DME oxidation chemistry is so complex that tuning rate
constants to achieve a better fit to available experimental data sets is unlikely to lead to
unique parameterizations [50]. Furthermore, rate constants commonly used in modeling
for some of the key reactions, that of CH3OCH, with Oy and the subsequent steps of
CH30CH,05 and CH,OCH50O5H, appear to conflict with recent experiments and master

equation calculations [51), [52].

2. Experimental approach

The experimental setup was a laboratory-scale high-pressure laminar-flow reactor de-
signed to approximate plug flow [53]. The setup has been described in detail elsewhere [53]
and only a brief description is provided here. The system was used here to study the
oxidation chemistry of DME as well as its mixture with methane. The temperature of
the reactor was varied between 450 and 900 K. The DME experiments were conducted
at 50 bar pressure and with a constant flow rate of 4.53 Nliter/min (STP; 1 atm and 273
K). The residence time of gases in the hot isothermal zone of the reactor was between
4.1 and 9.1 s. The oxidation of methane doped by DME was studied at 100 bar and at
a flow rate of 3.23 Nliter/min (STP), resulting in gas residence times between 10.6 and
21.8 s.

The reactions took place in a tubular quartz reactor (inner diameter of 8 mm) to

minimize the effects of surface reactions. The quartz reactor was enclosed in a stainless
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steel tube that acted as a pressure shell. The system was pressurized from the feed gas
cylinders and the reactor pressure was controlled by a pneumatically operated pressure
control valve positioned after the reactor. The pressure fluctuations of the reactor were
limited to 4-0.2%.

The steel tube was placed in a tube oven with three individually-controlled electrical
heating-elements that produced an isothermal reaction zone (£6 K) of ~37-41 cm in the
middle of the reactor. A moving thermocouple was used to measure the temperature
profile inside the pressure shell at the external surface of the quartz tube after stabilizing
the system.

The flow rates of different gases were regulated by mass-flow controllers. The gases
were mixed at ambient temperature well before entering the reactor. All gases used in
the present experiments were high purity gases or mixtures with certified concentrations
(£2% uncertainty). The total flow rate was measured by a bubble flow meter downstream
of the reactor. Using a quartz tube and conducting experiments at high pressures were
expected to minimize the contribution from heterogeneous reactions at the reactor wall.

Downstream of the reactor, the system pressure was reduced to atmospheric level prior
to product analysis, which was conducted by an on-line 6890N Agilent Gas Chromatograph
(GC-TCD/FID) calibrated according to the procedure in [45]. GC measurements were
conducted at least twice for each temperature and the average is shown. The GC allowed
detection of Oy, CO, CO,, CHy, CyH,, and CyHg with estimated uncertainties around
5%. Distinguishing methanol from acetaldehyde was not possible due to signal overlap
in the GC detector. However, it was possible to measure the signal areas corresponding
to the sum of these components. According to simulations, no yield of acetaldehyde was
expected in the present experiments, so the sum of acetaldehyde and methanol could be
interpreted and quantified as methanol. Moreover, an increased uncertainty of about 20%
is assigned to the measurement of formaldehyde due to the small signal to noise ratio of
formaldehyde.

For each set of experiment, the mole fractions of reactants as well as the gas pressure
were constrained while the temperature of the isothermal zone was increased in small
steps which simultaneously shortened the gas residence time in the reactor.

Figure [1 shows the measured temperature profiles for a nitrogen flow with flow rate



and pressure corresponding to the DME experiments. The tabulated temperature profiles
for the DME experiments can be found in supplementary data. For the doped methane
experiments, the temperature profiles were similar to those reported by Hashemi et al.
[45]. During this work, it was found that considering only the isothermal zone of the reac-
tor in interpreting and simulating the data could be misleading, due to the considerable
reactivity of DME at the low temperatures in the heating zone of the reactor. There-
fore, a plug flow approximation with constrained temperature according to the measured
profiles was used for modeling in CHEMKIN [54].

Selected experiments under oxidizing conditions were repeated after a few weeks, and
the results agreed within the stated error range. The reactants were strongly diluted in
inert gas to limit the temperature rise due to exothermic reactions. Simulations with a
constant pressure and enthalpy (adiabatic) model lead to a maximum temperature rise
of 5 K for neat DME experiments and 25 K for the mixtures of methane and DME. The
narrow quartz tube used here accelerated the thermal equilibrium between the reactive
gas inside the reactor and the heating bath gas surrounding it, so the deviation of the

gas temperature from the measured profiles is estimated to be even smaller.
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Figure 1: Measured temperature profiles across the reaction zone. The flow was pure nitrogen with a
flow rate of 4.53 NL/min at a pressure of 50 bar.

3. Chemical kinetic model

The chemical kinetic model was based on Hy/C;/C5/alcohols submodels developed

recently for high-pressure conditions [44-49]. The oxidation subset for formic acid was



taken from the study by Marshall and Glarborg [55]. The DME reactions were eval-
uated one-by-one and the most reliable rate constants were adopted. Tuning of rate
constants was avoided, so the model can reflect better the status of our knowledge of
DME combustion chemistry at intermediate temperature and high pressure. The most
important reactions are reviewed below. Details of other reactions can be found in the

supplementary material.

3.1. Thermodynamic Properties

Thermodynamic properties for most species were drawn from the database of Burcat
and coworkers [56], as discussed in earlier work [44-49]. Table [ lists the thermodynamic
properties for selected species considered in the current model. Most of these species
were added to the mechanism in the present work, as part of the DME subset. Only few
of them were covered by the Burcat database, and data were drawn also from calcula-
tion |57] and estimation |28, |58]. For some intermediate species, notably CH;OCH,0O0,
CH,OCH,OOH, CH30CH,0, OCH;OCHO, and CH30CO, the enthalpy of formation
differs considerably among the reviewed sources (see Supplementary Material for further
details). While these differences have only a minor effect on the model predictions for the
high-pressure flow reactor conditions, they might be important under other conditions

and more work on the thermodynamic properties of the DME subset is desirable.

Table 1: Adopted thermodynamic properties of selected species in DME subset. Units are kcal/mol for
H, K for temperature, and cal/(mol K) for S and Cp.

Species Hags Sags  Cp300 Cpaoo Cpeoo Cpsoo  Cpiooo Cpiseo  Ref.
CH30OCH3 -43.96 63.89 15.79 18.97 25.16 30.03 33.80 39.46  [56]
CH30CH, 0.73 67.38 15.50 1842 23.39 27.54 30.59 34.95 [57]
CH30CH>00 -36.19 8291 22.06 25.93 32.19 36.82 40.21 45.33  [28]
CH>,OCH,OOH -25.52 85.67 21.72 26.36 33.06 37.39 40.32 45.15 [28]
CH30CH,OOH -69.36 83.39 22.68 27.52 3498 40.21 43.95 49.73  [28]
CH30CH50 -39.96 73.89 18.27 21.05 26.54 3143 35.33 40.61 [28]
OCH,;OCHO -81.71 76.71 17.74 2140 27.36 31.69 34.66 38.13  [28]
HOOCH>;OCHO -111.11 86.21 22.88 27.75  35.23  40.33 43.71 47.94 [28]
CH30CHO -85.51 68.40 1497 1794 23.75  28.02 31.22 35.90 [56]

Continued on next page



Table 1 — continued from previous page

Thermo data

Species Hags S20s  Cp300 Cpaoo Cpeoo Cpsoo  Cpiooo Cpisoo  Ref.
CH30CH>OH -89.43 71.65 20.44 2599 33.43 37.03 39.79 45.01  [58]
OOCH,OCH>,OOH  -61.71 101.04 29.34 34.76 42.67 47.75 51.08 56.05 [28]
HOCH,0OCO -83.86 79.01 18.57 21.20 26.34 30.80 34.20 38.30 [28]
CH>,OCHO -37.42 70.61 14.64 1757  22.62 26.52 29.28 32.46  [28]
CH3;0CO -37.87 70.57 15.23 17.87 2229 2595 28.48 31.62 [57]

3.2. DMFE Subset

An accurate description of the thermal decomposition of DME is needed in modelling

its pyrolysis and high temperature oxidation.

CH;OCH; = CH; + CH;0 (R1)

Sivaramakrishnan et al. [59] combined shock-tube measurements with theoretical calcu-
lations to derive pressure-dependent rate constants of DME dissociation over 500-2000 K
and at pressures of 0.01-300 bar. We have adopted their calculated rate constant for
R1; a roaming channel to CH; + CH>O was predicted to be negligible. More recently,
Tranter et al. [60] measured the title reaction over temperatures of 1500-2450 K and at
low pressures, supporting the theoretical rate constant at least for temperatures below
1800 K.

Reactions of DME with radicals are generally well characterized. The reaction between
DME and atomic hydrogen (R2) was investigated experimentally by Sivaramakrishnan

et al. [59] at 1149-1465 K.

Combining their results with available data from literature, Sivaramakrishnan et al. [59]

suggested a rate constant valid for temperatures of 273-1465 K. Hydrogen abstraction



by hydroxyl,

CH;0CH; + OH = CH;0CH, + H,0 (R4)

was explored by Carr et al. [61] at 200-850 K using laser flash-photolysis. They further
extrapolated rate constants over 200-1400 K by utilizing theoretical calculations and
adding data at lower and higher temperatures from literature. For the DME 4 methyl

reaction,

CH;0CH; + CH; = CH;OCH, + CH, (R7)

we rely on measurements by Tranter et al. [62] in a shock tube at low pressure and over
1163-1629 K.

Hydrogen abstraction from the fuel by peroxides has been shown to be important for
low temperature, high pressure oxidation of both C;-C3 alkanes [45, 46, |63] and alcohols
[47, 149]. Unfortunately, the DME + peroxide reactions are not well characterized. For
the DME + HO, reaction,

CHgoCHg + H02 = CHgoCHQ -+ H202 (R5)

we adopt the rate suggested by Mendes et al. [64] from a theoretical study. It should be
noted that this value is considerably smaller than that proposed by Zhao et al. [24]. The
H-abstraction from the fuel by CH;00 (R10) was assumed to be a factor of five lower
than CH3OCHj3 + HO5 (R5), consistent with the ratio between CH4 + CH300 and CHy +
HO, [65].

The hydrogen abstraction by Oz (R6) is a potential initiating step in intermediate

temperature oxidation of DME.

CH3OCH3 + 02 == CH3OCH2 -+ H02 (R6)

The reaction likely proceeds in the backward direction at later stages of oxidation and

acts as a sink for radicals. The rate for R6 is estimated by analogy to CH30H + Os.



The fate of the methoxymethyl radical is important in predicting oxidation behavior
and ignition delay times for DME. In the current temperature range, dissociation of
CH30CH; competes with its reaction with Oy. For the dissociation (R13), we adopt the
rate coefficients derived from RRKM calculations by Burke et al. [2§].

CH;0CH, = CH,0 + CH; (R13)

The determination from Burke et al. is in better agreement with the early experimental
results |66, [67] than the more recent theoretical rate constant from Gao et al. [68].

The CH30CH; + O reaction has been investigated experimentally and theoretically
by Eskola et al. [51], who conducted their study at temperatures of 195-650 K and at
sub-atmospheric pressures (0.007-0.7 bar). They identified three product channels for

the reaction,

CHgoCHQ + 02 = CHgOCHQOO (R14a)

The measured rate constants were extrapolated to 200-1000 K and elevated pressure
using master equation simulations. The Eskola value of ky4, is in excellent agreement
with the determination of Sehested et al. [67], obtained at 18 bar. We fitted logarithmic
pressure-dependent rate constants based on the Chebyshev polynomial rate expressions
reported by Eskola et al. [51].

Reaction R14a is followed by isomerization or dissociation of CH3OCH,00 (R15),

CH;0CH,00 = CH,0 + CH,O + OH (R15b)

The competition between these two channels has a strong impact on chain-branching
at lower temperatures. Based on their measurements and master equation calculations,

Eskola et al. [51] derived temperature and pressure dependencies for ks, and kysy,.
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A global uncertainty propagation and sensitivity analysis for the CH3OCH,; + O,
system indicate that the rate coefficients for R14 and R15 from Eskola et al. are accurate
within a factor of three or better [52]. However, the Eskola values deviate significantly
from values used in modeling [13, 124, 28,133, 40, 41]. Figure[2lcompares rate constants for
reactions on the CH30OCH;0O0 potential energy surface. While the values from Burke et
al. [28] have been shown to provide a superior overall performance against a wide range
of experimental targets [41], they appear to be incompatible with the results of Eskola et
al. [51, 52].
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Figure 2: Arrhenius plot for reactions on the CH3OCH20OO potential energy surface. Rate constants are
drawn from Eskola et al. [51], Burke et al. [28], Sehested et al. [67], and Rodriquez et al. [33].

The internal H-abstraction in R15a yields CHoOCH,;OOH, which adds to molecular
oxygen to give OOCH;OCH,OOH,

CH,OCH;O0H + Oy = OOCH,OCH,O0OH (R19)

The rate constant for R19, as well as that for the decomposition of OOCH,OCH,OOH

11



(R21), was calculated by Burke et al. [28]. HOOCH;OCHO, formed in R21, dissociates
via OH elimination [25], HOOCH,OCHO = OCH,OCHO + OH (R22). A secondary

dissociation channel forming the Criegee intermediate CH,OO and formic acid [69, [70] is

probably of minor importance. OCHy;OCHO formed in R22 dissociates to form primarily
HOCHO + HCO (R23) [41].

Formic acid (HOCHO) and methyl formate (CH;OCHO) are important intermediates

in DME oxidation. For formic acid, we adopted the reaction data from Marshall and

Glarborg [55]. The methyl formate subset is mainly taken from Dooley et al. [71], but

the reactions were updated whenever more reliable data were found.

Table 2: Selected reactions from the DME chemical kinetic model
of k= AT" exp(—FE /(RT)). Units are mol, cm, K, s, and cal.

. The rate constants are in the form

Reaction A n E  Note/Ref.
R1 CH30CH3 = CH3 4+ CH30 2.3E19 -0.66 84092 [59]*
R2 CH30CH; + H = CH30CH; + H, 3.9E00 4.13 1779 [59]
R3 CH30CH3 + O = CH30CH; + OH 4.2E13  0.00 5305 est®
R4 CH30CH;3 4+ OH = CH30CH, 4 H,0 2.0E07 1.89  -365 [61]
R5 CH30CH; 4+ HOy = CH30CH, + Hy0, 3.2B-03  4.64 10556 [64]
R6 CH30CH3 + Oy = CH30CH; + HOq 72E05 227 42760 est®
R7 CH30CH; + CHz = CH30CH, + CHy 1.0E0O1  3.78 9687 [62]
RS CH30CH;3 + HCO = CH30CH; + CH,0 9.8E-14 737 9731 est?
R9 CH30CH; + CH30 = CH30CH; + CH30H 3.8E09 0.83 6334 [72]
R10  CH30CH3 + CH300 = CH30CH, + CH3;00H 6.3E-4 4.64 10556 est®
R11  CH30CH;3 + CH3CH,00 = CH30CH; + CH3CH,O0H 51E-4 4.64 10556 est/
R12  CH30CH3 + CH30CH;00 = CH30CH, + CH;OCH,O0H  7.0E-4  4.85 10346  est?
R13  CH30CH; = CH,0 + CHjy 2.7TE29 -4.94 31786 [28)"
Rl4a CH30CH; + Oy = CH;0CH,00 1.4E22 -3.16 2183 [51]""
R14b CH30CH; + O = CH,OCH,OOH 1.2E18 -2.33 4177 [51]*°
Rl4c CH30CH; + Oy = CH;0 + CH20 + OH 1.2E10  0.15 6531 [51)"*
R15a CH30CH,00 = CH,OCH,OO0H 2.7E02  2.33 14168 [51)*
R15b CH30CH200 = CH»0 + CH20 + OH 1.8E22 -3.47 33781 [51]*°
R16a 2CH30CH,00 = CH;0CH,0 + CH30CH,0 + Oy 1.6E23 -4.50 0 [41]
R16b 2CH30CH,00 = CH30CHO + CH30CH20H + Oq 6.8E22 -4.50 0 [41]
R17  CH30CH,0 + OH = CH30CH,O0H 6.0E12  0.00 0 est [58]

12
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Table 2 — continued from previous page

Arrhenius data

RI18  CHs0CH,00 + HOy = CH30CH,OO0H + O, 1.8E10  0.00 -3273 est [58]
R19  CH,OCH,OOH + Oy = OOCH,OCH,00H 49E12 -0.32 428 [28]
R20 CH,OCH,OOH = CH,0 + CH,0 + OH 8.9E29 -6.05 20964 [51]"
R21  OOCH,OCH,OOH = HOOCH,OCHO + OH 3.9E07 0.98 17467 [28]
R22 HOOCH,OCHO = OCH,OCHO + OH 1.8E20 -1.58 38876 est [58]
R23  OCH,OCHO = HOCHO + HCO 42E14 -0.80 14630 [41)"
R24  CH,0 + OCHO = OCH,OCHO 3.9E11  0.00 2500 [71]

@ high-pressure limit, see the supplementary mechanism files for low-pressure limits and Troe parameters.
b estimated as two times of the rate of CH;0OH + O = CH,OH + OH

¢ estimated as two times of the rate of CH30H + Oy = CH>,OH + HO»

4 estimated as two times of the rate of CH;OH + HCO = CH,OH + CH5;0

¢ estimated as 20% of CH3OCHj3 + HO2 (R5)

f estimated as 16% of CH3OCH3 + HO; (R5)

9 estimated as two times of the rate of CH3;00 + CH30H = CH3OOH + CH,OH

h at 100 atm pressure, see the supplementary mechanism files for other pressures.

i fitted from the Chebyshev polynomial rate expressions.

4. Results and Discussion

Species profiles from DME pyrolysis and oxidation in the flow reactor at intermediate
temperatures (450-900 K) and high pressure (50 bar) will be presented in this section.
Afterwards, the results of the oxidation experiments of methane doped by DME over 450—
900 K and at 100 bar will be presented and compared with data for the neat methane
oxidation published earlier [45]. To simulate the flow-reactor in CHEMKIN [54], a plug
flow approximation with constrained temperature (according to the provided tempera-
ture profiles in Supplementary Material) and pressure is used. Also in Supplementary
Material, the flow reactor data are compared with predictions obtained using the mecha-
nisms of Burke et al. [28] and Reuter et al. [13]; the level of agreement is similar to that

obtained by the present model.
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4.1. Pyrolysis and oxidation of neat DME in the flow reactor

Figure [3 shows results from the DME pyrolysis experiments. The DME dissociation
starts around 825 K, where a trace amount of methane is detected. At higher tempera-
tures, CH,O and CO are detected as well. Carbon is balanced within +3%. Although
the model overpredicts slightly the conversion at high temperatures, the agreement is
satisfactory. Under the conditions of these experiments, dissociation of DME (R1) is at
the high pressure limit. The good agreement between experiment and modeling supports

the estimate of k; o, proposed by Sivaramakrishnan et al. [59].
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Figure 3: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for pyrolysis of DME. The pressure was 50 bar, and the residence time in the isothermal
zone was 4.1-9.1 s. The inlet composition was 1136 ppm DME in N5. The symbols mark experimental
data while solid lines denote model predictions obtained with the full temperature profile.

Under reducing conditions ($=20, Fig.[), the DME consumption starts around 525 K,
and CO is detected above 550 K. Between 575 K and 675 K, the concentration of DME
remains almost constant, indicating NTC behavior. The presence of an NTC region is
more pronounced in the oxygen profile at 575-625 K, where the oxygen level increases
with temperature. Rapid DME oxidation resumes at higher temperatures and oxygen
is completely consumed above 750 K. The major detected products are formaldehyde at
low temperature and CO and CH, at higher temperatures. Trace amounts of ethene and
ethane are also measured above 700 K.

The model predicts fairly well the complicated non-monotonic changes in species
concentrations against temperature. The levels of CH; and CO are well reproduced,
while CyHg is underpredicted by a factor of two. The formaldehyde profile is captured

qualitatively, but is only accurate within a factor of two.
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The carbon balance for the fuel-rich experiments is closed within 11%, with the largest
difference occurring at 550-575 K. According to the simulations, formic acid (HOCHO)
and methyl formate (CH3OCHO), neither of which could be measured, are formed only

in trace amounts under these conditions and cannot explain the difference.
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Figure 4: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for the reducing experiment with DME/Oy ($=20.2). The pressure was 50 bar, and the
residence time in the isothermal zone was 4.1-9.1 s. The inlet composition was 744 ppm DME, 111
ppm O2, and Ng by difference. The symbols mark experimental data while solid lines denote model
predictions obtained with the full temperature profile.
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The NTC behavior of DME is more pronounced under stoichiometric conditions
(Fig. B). The onset of DME reaction is found around 525 K, where trace amounts of
CO and CO; are detected. The NTC inflection points are observed at 575 and 650 K. Al-
though DME is depleted above 775 K, the oxygen consumption is confined to a maximum
of 60%, conceivably due to the slow oxidation of CO at these temperatures. An inter-
esting trend in the CO, fraction is seen at 800-900 K, where it decreases but soon rises
with elevating temperature. Methane increases monotonically with temperature and is
formed in trace amounts above 725 K. Formaldehyde peaks around 700 K and disappears
above 750 K.

The model predicts well the onset of reaction, the inflection points, and the mole
fractions of DME, Oy, CO, and CH4. However, the concentrations of CH5O is overpre-
dicted by a factor of two and COs is underpredicted by almost an order of magnitude in
the NTC region. The simulations indicate that under these conditions methyl formate
(CH30CHO) and formic acid (HOCHO) are formed in significant amounts, up to 55 and
67 ppm, respectively. Adopting their mole fractions from the model, carbon is balanced
within +6%.

For the fuel-lean mixtures (Fig. [6, $=0.04), oxidation starts around 525 K. The NTC
inflection points are positioned at 575 and 675 K. Between these points, the DME mole
fraction remains almost constant but DME is depleted above 700 K. The CO mole fraction
is almost independent of temperature and it stays around 90 ppm over 575-900 K.

The model predicts a slightly early onset of oxidation, but the profile shapes and
concentrations of the major components are captured well. The model predicts methyl
formate and formic acid to be formed in amounts of up to 15 and 106 ppm, respectively.
Adopting these concentrations from the model, the carbon loss in the experiments is less
than 14%.

In all DME oxidization experiments, the onset temperature of DME reaction is around
525 K, independent of the fuel-air equivalence ratio. The inflection points corresponding
to the NTC regime vary slightly with stoichiometry, but generally the NTC zone includes
temperatures of 575-625 K. Despite differences in initial reactant concentrations and
pressure, the present results are in line with the results of jet-stirred reactor [23] and flow

reactor [25, 135, 40| experiments where DME ignition was reported around 525-550 K and
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Figure 5: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for the stoichiometric experiment with DME/Os (®=1.0). The pressure was 50 bar, and
the residence time in the isothermal zone was 4.1-9.1 s. The inlet composition was 268 ppm DME, 782
ppm O2, and Ny by difference. The symbols mark experimental data while solid lines denote model
predictions obtained with the full temperature profile.

the NTC zone included temperatures of 600-700 K.

Figure [ shows the reaction pathways of DME oxidation under the flow reactor con-
ditions. The reaction of DME with molecular oxygen (R6), and to a lesser extent the
thermal decomposition of DME (R1), initiates reactions at 550-800 K. After the initia-
tion, DME is mainly consumed by H-abstraction reactions with OH (R4), H (R2), CHj
(R7), and HO, (R5) radicals. The fate of the CH30CH; radical determines to a great ex-
tent the oxidation behaviour of DME. At 550 K, all CH30CH, adds to molecular oxygen
to form CH30CH,00 (R14a). At 650 K, around 10% of CH30OCH; dissociates thermally
(R13) while the contribution of this path is more than 90% at 850 K.

CHgOCHg -+ OQ == CHgOCHQOO (R14a)

The CH30CH,0O0 radical formed in R14a at low temperatures isomerizes to CH,OCH,;OOH
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Figure 6: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for the oxidizing experiment with DME/Oy ($=0.04). The pressure was 50 bar, and the
residence time in the isothermal zone was 4.1-9.1 s. The inlet composition was 146 ppm DME, 10774
ppm O2, and Ny by difference. The symbols mark experimental data while solid lines denote model
predictions obtained with the full temperature profile.

(R15a). The fate of CHoOCH,OOH is another critical step in the oxidation of DME; it
can add to another oxygen molecule, giving OOCH,OCH,;OOH (R19), or dissociate to
formaldehyde and a hydroxyl radical (R20).

CH,OCH,00H + 0, = 00CH,0CH,00H (R19)
CH,OCH,0O0H = CH,0 + CH,O + OH (R20)

The second oxygen addition (R19) is favoured at lower temperature whereas dissociation
(R20) becomes the dominant channel at higher temperature. The low-temperature path
involves the sequence OOCH,OCH,OOH — HOOCH;OCHO — OCH,OCHO, which
produces two OH radicals. This chain branching sequence is responsible for the unusually
high activity of DME at low temperatures. If the temperature rises from 550 K to 650 K,
CH,OCH,OO0H dissociation (R20) becomes dominant compared to the addition reaction
R19. The path including R20 produces one OH radical less, so the oxidation is slowed
down at 650 K. At 750 K, CH30CH,; starts to dissociate (R13) instead of adding to
oxygen (R14a). The path involving R13 is even less efficient in producing OH radicals.
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Figure 7: The reaction pathways of DME at different stoichiometries under the flow reactor conditions
at 50 bar and 550-900 K. Competing paths are marked by red lines.
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Sensitivity coefficients for DME under the flow reactor conditions are calculated via

a brute-force method in which the sensitivity coefficient (S;) is defined as

(AXpume/XpME)

S = Ak k) .

Figure 8 shows the results of the analysis for the stoichiometric and fuel-lean mixtures.
The analysis confirms the complexity of the low temperature, high pressure oxidation
chemistry of DME. Hydrogen abstraction from DME, in particular by OH (R4), HO,
(R5), and O5 (R6), serves to promote oxidation, while a number of peroxide-peroxide re-
actions, e.g., CH;OCH,00 + CH30CH,00 (R16a, R16b), CH;OCH,00 + HO, (R18),
and HOy + HO,, are chain terminating and slow down reaction.

As expected, the modeling predictions are sensitive to the competition between dis-

sociation and oxygen addition for the CH3OCH, and CH;OCH;OOH radicals,

CH;0CH, = CH,0 + CH, (R13)
CH;0CH, + O, = CH;0CH,00 (R14a)
CH,OCH,00H = CH,0 + CH,O + OH (R20)

CH,OCH,OOH + 0, = 00CH,0CH,O0H (R19)

The addition steps, dominating at lower temperature, initiate chain branching sequences

and exhibit negative sensitivity coefficients. Under oxidizing conditions, predictions are

sensitive also to CH3OCH, OO0 isomerization (R15a) and decomposition of HOOCH,OCHO
(R22) and OOCH,OCH,OO0H (R21) at 550 K.

HOOCH,OCHO = OCH,OCHO + OH (R22)
OOCH,;OCH,O0H = HOOCH,OCHO + OH (R21)

The slightly premature onset of reaction under fuel-lean conditions (500-550 K, Fig. [@])
predicted by the model is largely controlled by reactions R22, R19, R15a, and R21.

Several of these reactions have rate constants estimated with considerable uncertainty;
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a more accurate determination of these values could be expected to improve the model

performance.

CH,OCH,00H+0,=00CH,0CH,00H

HOOCH,0CHO=0CH,0CHO+0OH

7777 H,O,(+M)=0H+OH(+M)

CH,0CH,00=CH,0CH,00H

CH,OCH,=CH,0+CH,
2CH,0CH,00=CH,0CH,0+CH,0CH,0+0,
CH,OCH,+OH=CH,OCH,+H,0

w27 CH,OCH,+HO0,=CH,OCH,+H,0,

OOCH,0CH,00H=HOOCH,0CHO+OH

CH,0CH,00+H0,=CH,0CH,00H+0,

2CH,0CH,00=CH,0CHO+CH,0CH,OH+0,

CH,0CH,00H=CH,0+CH,0+OH

HO,+HO,=H,0,+0,

CH,0OCH,+0,=CH,0CH,00

CH,OCH,+0,=CH,OCH,+HO,

CH,0+OH=HCO+H,0

CH,+0,=CH3+HO,
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Figure 8: Sensitivity coefficients of DME molar fraction under stoichiometric and oxidizing conditions
(see captions of Fig. [l and [Al). Coefficients are calculated at time corresponding to 20% conversion of
DME.
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4.2. Oxidation of Methane Doped with DME

The effect of doping methane with small amounts of DME is investigated in the flow
reactor at a pressure of 100 bar. For the neat methane, data were published previously
[45] and are shown here for comparison. Figure [ presents the results of experiments
under reducing conditions ($=19.5-20.0). In these experiments, the inlet DME fraction
fluctuated slightly (£3%), but the scatter is within the uncertainty range of the experi-
ments. DME was added to the mixture with a DME to CHy ratio of 3.2%, maintaining
the fuel-air equivalence ratio. Even this small amount of DME has a considerable effect,
as the onset temperature of the fuel conversion shifts from ~725 K for the neat methane
to ~575 K for the doped methane.

The DME addition affects not only the ignition temperature, but also the shapes
of species profiles. For the neat DME experiment under reducing conditions, a plateau
was observed in the DME profile over 575-675 K. Such a plateau now can be identified
around 600-650 K for the doped experiments, not only for DME, but also for O,, CO,
and CHy. It seems that the doped mixture inherits the two-stage ignition from DME.
The first stage of ignition takes place around 575 K, a temperature higher than that of
neat DME at 50 bar (525 K). The second one is around 675 K, a temperature lower
than the ignition temperature of neat methane (725 K). The earlier ignition triggered by
adding DME promotes the formation of CO5 and CO at high temperatures. In contrast,
CoHy and CoHg yields are slightly suppressed in the presence of DME.

As shown in Fig. [9, the model predicts well the onset of oxidation for the mixture as
well as reproduces the NTC zone and the molar fractions of DME, O, CO, CoHy, CoHg,
and CO,. The only major deviations involve formaldehyde and methanol; in particular
CH,O0 is strongly overpredicted for the doped mixtures.

Under stoichiometric conditions (Fig. [I0), two sets of experiments are conducted with
DME to CHy ratios of 1.8% and 3.2%. For both cases, the DME conversion starts around
675 K, but there is no consumption of CH, and Oy below 700-725 K. While neat methane
ignites at 750 K, the addition of DME triggers methane oxidation at 25-50 K lower
temperatures. The NTC behaviour can be identified only in the DME profiles over 725-
750 K. Apart from that, the species profiles show a monotonic trend with temperature.

The major products at high temperatures are not sensibly affected by DME addition.
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The model predicts well the onset of methane conversion as well as the mole fractions
of Og, CHy, and CO, but it underestimates the ignition temperature of DME in both
doped mixtures by ~100 K. The prediction of the concentrations of methane and oxygen
is not affected by the premature ignition of DME.

Neat DME ignites at 525 K (at 50 bar) for a wide range of stoichiometries (see
Figs. @HE), so it seems that presence of methane suppresses the ignition of DME in the
mixture. This effect is not captured by the model, even though it is able to predict accu-
rately the ignition of neat DME and neat methane under a wide range of stoichiometries.
Conceivably methane activates some chain-terminating paths in DME oxidation at low
temperatures that are either omitted or underpredicted by the mechanism.

For the fuel-lean mixture (®=0.06), the oxidation of neat methane starts around
750 K, according to Fig. [l Doping with a DME to CHy ratio of 3.6% yields an onset
temperature for methane oxidation at 700 K, but DME itself ignites around 625 K. The
oxygen abundance promotes oxidation of CO to COs. The model estimates well the
methane oxidation temperature as well as the fractions of CH,, CO,, and CO. However,
DME ignition is again predicted at lower temperatures than observed, 550 K instead of
625 K.

Under stoichiometric conditions and at 725 K, ignition is only observed in the doped
experiments (3.2% doping) and not in the neat methane experiments. The reaction path-
way analysis reveals that the DME conversion here is initiated by the reaction between
DME and molecular oxygen, similar to neat DME (Fig. [7). The produced CH30CH,
radical then follows the consumption path of neat DME, yielding OH radicals, especially
from the dissociation of CH,OCH;OOH at this temperature. At an early stage of ig-
nition, around two-thirds of the produced OH radicals are consumed by reaction with

methane,

CH, + OH = CH; + H,0 (R26)

which starts the major path of methane oxidation. After ignition, methane follows the
consumption path of neat methane as described in [45].

At 550 K, DME should not be oxidized according to the measurements (Figs. [I{]
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and [[I)), but the model predicts a considerable consumption of DME. The overall fuel
to oxygen ratio corresponds to a stoichiometric mixture, but DME reacts in an excess
oxygen environment since methane apparently does not participate in the oxidation at
such a low temperature. A sensitivity analysis for prediction of DME at 550 K for both
stoichiometric and oxidizing mixtures of the doped methane (3.2% and 3.6% doping)
is shown in Fig. The onset of reaction for DME is particularly sensitive to the
competition for OH radicals between DME and CH,,

CH;O0CH; + OH = CH;0CH, + H,0 (R4)
CH, + OH = CH; + H,0 (R26)

The rate constants for both of these reactions are known with little uncertainty and they
are unlikely to be the source of discrepancy in the modeling. Other reactions showing up

in the sensitivity analysis, including

HOOCH,0OCHO = OCH,OCHO + OH (R22)
CH;0CH; + O, = CH;OCH, + HO, (R6)

may be more uncertain but exhibit smaller sensitivity coefficients.
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Figure 9: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for DME addition to methane under reducing conditions ($=19.5-20.0) and at 100 bar.
Open symbols/solid lines: the neat CHy experiment [45] with 17820 ppm CHy and 1832 ppm Os; crossed
symbols/dashed lines: the doped experiment with 16470 ppm CHy, 530 ppm DME and 1736 ppm Os;
all diluted in N5. For neat as well as for the doped methane experiments, the isothermal residence time
is given by 7[s] = 9550/T [K].
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Figure 10: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for DME addition to methane under stoichiometric conditions ($=0.99-1.02) and at 100 bar.
Open symbols/solid lines: the neat CHy4 experiment [45] with 1550 ppm CHy and 3100 ppm Os; crossed
symbols/dashed lines: the doped experiment (1.8%) with 1540 ppm CHy, 28 ppm DME and 3195 ppm
O9; Half-open symbols/dotted lines: the doped experiment (3.2%) with 1520 ppm CHy, 48 ppm DME
and 3320 ppm Os; all diluted in Ny. For neat as well as for the doped methane experiments, the
isothermal residence time is given by 7[s] = 9550/T [K].
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Figure 11: Comparison of experimental and predicted concentration profiles as a function of the reactor
temperature for DME addition to methane under oxidizing conditions ($=0.06) and at 100 bar. Open
symbols/solid lines: the neat CHy experiment [45] with 1100 ppm CH4 and 39600 ppm Os; crossed
symbols/dashed lines: the doped experiment with 1050 ppm CHy, 38 ppm DME and 36850 ppm Oo; all
diluted in Ny. For neat as well as for the doped methane experiments, the isothermal residence time is
given by 7[s] = 9550/T [K].
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Figure 12: Sensitivity of DME molar fraction under stoichiometric (DME /CH4=3.2 %) and oxidizing
(DME /CH4=3.6 %) conditions (100 bar, 550 K) in the flow reactor. Coefficients are calculated at time
corresponding to 20% conversion of DME.
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4.8. Comparison with literature data

The mechanism prediction was compared against literature data from flame speed
measurements and data from flow reactors; results generally obtained at pressures lower
than those found in engines. The details of comparison can be found in the Supplementary
Material. The model reproduces accurately flame speeds for DME at pressures up to
10 atm. Flow-reactor data from literature on DME oxidation are also captured reasonably
by the model at pressures up to 18 atm. As high-pressure application is the focus of this

study, we discuss high-pressure ignition delays in more detail in this section.

4.3.1. Ignition delays

The model can be evaluated at higher temperatures by comparing its prediction with
available ignition delays measured in shock tubes. The ignition delay times of stoichiomet-
ric DME/air and DME/Oy/Ar at pressures of 1-40 bar are shown in Fig. As expected,
DME/air ignites considerably faster than the more dilute mixtures of DME/Oy/Ar. The
ignition delays of DME/air are characterized by two inflection points, representing NTC
behaviour. The first inflection point increases from 790 K to 830 K when pressure is
increased from 13 bar to 40 bar. The sensitivity of ignition delay to pressure is higher
in the NTC region, where increasing pressure reduces the ignition delay considerably.
The model reproduces well the ignition delays below the first inflection point (<800 K)
and above the second one (>~1000 K), but it strongly underestimates ignition delays
between inflection points.

The ignition delay times of mixtures diluted in argon are measured at temperatures
above 1100 K, so NTC behaviour is not expected. Here, pressure has an accelerating
effect on ignition and the model agrees well with the measurements in Fig. 13

The model is further evaluated against ignition delays under fuel-rich and fuel-lean
conditions for the diluted mixtures of DME/O, in argon or nitrogen (Fig. [4). The
ignition delays are longer for the fuel-lean mixtures. As for stoichiometric conditions, the
model predicts well the ignition delays outside NTC zone, while the IDT in the NTC
region is strongly underpredicted. A number of literature models, e.g., [13, 24, 28, 133],
offer more accurate predictions of the ignition delays in the NTC zone, but the improved

agreement comes at the cost of using less accurate rate constants for reactions in the
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Figure 13: Ignition delay times of stoichiometric DME/air (data from Pfahl et al. [22] and Li et al. [27])
and DME/Oy/Ar (data from Hu et al. [10], Pan et al. [73], Hu et al.’ [74]). Lines denote the prediction
of the present model assuming a constant-volume adiabatic system.

CH30CH,00 system. Further work is desirable to reconcile this issue.
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Figure 14: Ignition delay times of fuel-lean (Hu et al. [10]: 0.68% DME in Os/Ar, Li et al. [27]: 3.38%
DME in O2/Ng, Pan et al. [73]: 0.68% DME in Og/Ar) and fuel-rich (Hu et al. [10]: 2.46% DME in
O2/Ar, Liet al. [27]: 9.51% DME in O3 /Na, Pan et al. [73]: 2.46% DME in Oz /Ar) mixtures at different
pressures. Lines denote the prediction of the present model assuming a constant-volume adiabatic system.

Previously we observed that the model was able to predict accurately the onset tem-
perature of the major reaction in the mixtures of methane and DME in the flow reactor
although it predicted premature ignition of DME in the mixtures. To further evaluate
the interaction of methane and DME in the model, the ignition delays of mixtures of
methane and DME are calculated and compared to reported data in Fig. I8 Here, the
DME to methane ratio is varied from 0% to 100%, and as can be seen the model follows

very well the experimental results for mixtures in air. For the mixtures in argon, the
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model estimates slightly longer ignition delays compared to the measurements.

DME/CH ,/air: DME/CH,/O,/Ar (~10 bar):
1004 © 100% DME (25 bar) ® --- 5%DME
% 40% DME (30 bar) 4 --- 1%DME
) 20% DME (30 bar) B --- neatCH,
A

neat CH, (24 bar)
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Figure 15: Effect of replacing methane by DME on the ignition delay times of stoichiometric mixtures.
Symbols present the measurements in shock tubes for mixtures in air by Burke et al. [28] and for mixtures

in argon (94% AR) by Tang et al. [9]. Lines denote the prediction of the present model assuming constant-
volume adiabatic system.

Sensitivity of ignition delays of DME/air to reaction rate constants are calculated
using the brute-force method and is shown in Fig. The dissociation of CH30OCH,
(R13) is the most important reaction for ignition delays at 900/1100 K. Increasing the rate
of this reaction prolongs the ignition delays considerably. Isomerization of CH3;0CH,OO
(R15a) accelerates ignition at 700-1100 K. The chain-terminating reactions of R28rev
and R29 inhibit ignition considerably at 900/1100 K.

CH3 + H02 = CH4 + 02 (RQSI‘GV)

At 700 K, dissociation of HOOCH;OCHO (R22) is the most critical step for the ignition
delay prediction.

HOOCH,OCHO = OCH,0CHO + OH (R22)

As discussed earlier, the rate of this reaction has been estimated with a large uncertainty.
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CH;OCH,=CH,0+CH,
HOOCH,0CHO=0CH,0CHO+0OH
CH,0CH,00H+0,=00CH,0CH,00H
CH,OCH,00=CH,0CH,00H
CH,+0,=CH;+HO,
CHy+CHg(+M)=C,Hg(+M)
OOCH,0CH,00H=HOOCH ,0CHO+OH
CHZOCH;+HO,=CH,;0CH,+H,0,
CH;+HO,=CH,0+0OH
H,0,(+M)=OH+OH(+M)
CH,OCH,+CH,;=CH,OCH,+CH,
CH,OCH,;+0,=CH,OCH,+HO,
COC+COCO0*=COC*+COCOOH
CH,0+HO,=HCO+H,0,
HO,+HO,=H,0,+0,
CH,0CH,00H=CH,0+CH,0+0H
CH;OCH,+0,=CH,O0CH,00
CH;0CH,0+OH=CH,OCH,00H

02 00 02 04 (724700 K
e I : 900 K
Sensitivity of ignition delay time B 1100 K

Figure 16: Sensitivity of ignition delay time of DME/air (stoichiometric mixture) to reaction rate
constants.  The coeflicients were calculated at a pressure of 40 bar and at different tempera-
tures. COCH+COCOO*=COC*+COCOOH represents CH3OCH; + CH;OCH,OO = CH30CH, +
CH3;0CH,OOH.
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5. Conclusion

The pyrolysis and oxidation of DME and its effect as an additive on methane oxidation
have been investigated in a flow reactor at high pressures and intermediate temperatures.
The presented species profiles from DME and DME/CH, conversion extend the exper-
imental benchmark for oxidation at high pressures and intermediate temperatures. At
50 bar, pyrolysis of DME started around 825 K, while onset of oxidation was detected
at 525 K, independent of fuel-air equivalence ratio. Adding a small amount of DME to
methane at 100 bar effectively accelerated its ignition, most pronounced under reducing
conditions. A model was developed for DME/CH, oxidation and evaluated over a wide
range of pressure, temperature, and stoichiometry. Modelling predictions compared well
with the data for neat DME oxidation from the flow reactor. Also ignition delays and
flame speeds of DME were predicted well under most of the investigated conditions, but
calculations of ignition delays between the NTC inflection points were less accurate. For
CH,/DME mixtures, the model captured well the onset of reaction for CHy, but pre-
dicted premature depletion of DME. Further work is desirable to is required to reconcile
experimental and theoretical work on reactions on the CH30CH,;OO PES with ignition
delay measurements in the NTC region for DME and to improve understanding of the
interactions between DME and CHy, in particular the inhibiting effect of methane on

DME oxidation.
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