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The purpose of this study is to clarify the combustion properties of dimethyl ether (DME) and to develop 
a new combustion techniques with high efficiency and low emission for internal combustion engine op-
erated by DME/O2/Ar mixtures and DME/O2/CO2 mixtures. Combustion properties were elucidated in a 
spherical bomb by using schlieren images with a high-speed camera, for equivalence ratios ranging from 
0.8 to 2.0 at an initial pressure of 1 atm and a temperature of 298 K. Unstretched laminar burning veloc-
ity and Markstein number were deduced and compared with the corresponding DME/Air mixtures. 
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1. INTRODUCTION 
Recently, the environmental issues on an earth scale and the deple-

tion of energy resources are requiring internal combustion engines to 
improve fuel economy and to reduce NOx emissions and particles 
urgently, which cause mainly atmospheric pollution. For this purpose, 
an alternative fuel and new combustion techniques have been studied 
so far [1]-[3]. Dimethyl ether (DME), which is one of the most prom-
ising alternative fuels with the lowest overall pollutant emissions and 
the most excellent fuel economy, have been paid attention as a poten-
tial alternative especially to diesel fuel. DME is an ether of a lowest 
molecular with a cetane number of 55-60, it has a excellent character-
istics of spontaneous combustion as diesel fuel [4]-[6]. As the combus-
tion properties of DME, however, differ from those of diesel fuel, it is 
necessary to investigate the combustion characteristics and the reaction 
process in detail for the proper application of DME to a new internal 
combustion engine.  

As for the new combustion technique with high efficiency and low 
pollutant emission, the new diesel engine using Ar as the working gas 
was proposed to improve thermal efficiency [7]. Since a monatomic 
gas has a high specific heats ratio, using Ar as the working gas im-
proves thermal efficiency, compared with air. In addition, Ar can be 
easily available. Furthermore, a flue gas recirculation (EGR) is usually 
used for internal combustion engines to reduce NOx emissions, and 
the combined combustion technique of EGR and pure oxygen com-
bustion has been proposed for NOx free emission [8]. For these new 
combustion techniques, Ar and CO2 play an important role in deter-
mining combustion properties, such as extinction and burning velocity. 
Therefore, the clarification of combustion properties of Ar and 
CO2-dilution mixtures is important to specify the optimum running 
condition. In general, it is turbulent flames that occur in practical 
combustor, so modeling them in some way is needed to capture the 

phenomena quantitatively because of their complexities [9][10]. In this 
context, flamelet concept is important, because it is applicable to many 
turbulent flames in practice, including those in engines. Flamelet con-
cept is based on the assumption that a chemical reaction occurs in thin 
layer that are convected and distorted by the turbulent flow field, while 
its structure still remain that of laminar flame. In this case, since turbu-
lent flames can be considered as the assembly of laminar flamelets, 
quantitative study regarding the combustion properties of laminar 
flames, especially, stretched laminar flames are important for turbulent 
combustion modeling. In past studies [11], we have investigated the 
combustion properties of DME/Air laminar flames over a wide range 
of equivalence ratio. The effects of flame stretch was quantified for 
outwardly propagating flames, and quantitative explanation regarding 
its combustion mechanisms was given in terms of the interaction be-
tween Lewis number effects and flame stretch. In this study, the com-
bustion properties of DME/O2/Ar mixtures and DME/O2/CO2 mix-
tures, are investigated and compared with those of DME/Air mixtures 
for developing new combustion techniques. 

 
2.  EXPERIMENT AND CALCULATION 
2.1 COMBUSTION CHAMBER 
The combustion chamber [11]-[13] used in this study was a nearly 

spherical vessel with a mean inner diameter of about 100 mm and a 
total volume of about 2000cm3. It was provided with four 92 mm 
diameter transparent windows at four sides for flame observation, and 
two 92 mm diameter perforated plates at two opposite sides. A 
cross-sectional view of the combustion chamber observed from the 
direction of one of the transparent windows is shown in Fig. 1. A fan 
was installed behind each perforated plate to mix gases. The combus-
tible mixture was spark-ignited at the center of the chamber using the 
minimum spark ignition energy to avoid ignition disturbances. Once 
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combustion was complete, the chamber was vented and flushed with 
air to remove condensed water vapor and to cool the system to the 
allowable initial temperature range of the experiment (298±3K). The 
flames were observed using the schlieren system with a high speed 
camera (1000 pictures per second). A schlieren image was recorded up 
to the instant where any part of it reached the edge of the viewing 
window in the bomb. The high-speed camera had a field-of-view of 72 
× 77 mm (240pixels × 256 pixels) at a resolution of 0.3 mm/pixel, 
which is estimated to be enough to resolve flames with a radius rang-
ing from 3 mm to 35 mm. For this range, pressure increases were 
found to be less than 0.7 % of the initial pressure. Similar to other 
work [11]-[13], measurements were limited to δT0 / r ＜ 2 % so that 
the effects of curvature and transient phenomena associated with large 
flame thicknesses were small. Finally, radiative heat loss was small 
due to the large flame speeds, and was therefore ignored. 

2.2 NUMERICAL CALCULATION METHOD 
In this study, CHEMKIN software [14], which was originally de-

veloped by Sandia National Laboratories, was used to analyze the 
flames numerically. For calculation of one dimensional planar flames, 
the numerical code used was the PREMIX program [14] Details of 
this code are provided in the references [14]. The reaction mechanism 
used is based on that developed by Curran [15], to which the following 
two reactions related to Ar were added from GRI-Mech 3.0 [16]. 
  ArHOArOH 22 +⇔++    (1) 
  ArCHAr(S)CH 22 +⇔+    (2) 
In order to predict the flame response to aerodynamic flame stretch, 

the OPPDIF code [14] was used. This code employs a set of 
one-dimensional conservation equations for counter-flow flames along 
the line of symmetry using a similarity transformation, assuming a 
specific form of the radial velocity profile. Details of the OPPDIF 
similarity solution are also provided in the reference [14]. In this con-
figuration, combustible mixtures with specified compositions were 
injected through two nozzles to generate symmetric back-to-back 
planar stretched premixed flames. One of the flames was chosen for 
investigation. The flame properties required for analysis were specified 
as follows. To avoid ambiguity arising from the choice of spatial loca-
tion, stretched laminar burning velocity, Su was determined from 

Su=(ρb/ρu)×Sb , in which the flame speed relative to the burned gas, Sb, 
is defined as the axial flow velocity at the point of the maximum heat 
release rate, ρ is the mixture density, and the subscripts u and b denote 
properties associated with the unburned and burned mixtures, respec-
tively. In this study, flame stretch, κ, was defined as the maximum 
axial velocity gradient ahead of the preheat zone [17]. Together with 
Su, the laminar flame thickness, δT0, is also an important flame prop-
erty, because it yields the characteristic residence time within the flame. 
In this paper, the δT0 for a mixture is calculated based on the thermal 
theory δT0=α /Su0, where α is the thermal diffusivity of the mixture and 
Su0 is the unstretched laminar burning velocity. In addition, equilib-
rium calculation was conducted using the EQUIL code [14], and all 
thermodynamic and transport properties were also evaluated by the 
CHEMKIN code [14]. 

2.3 PROPERTIES OF MIXTURES 
The mixtures used in this study were DME/O2/Ar mixtures and 

DME/O2/CO2 mixtures. The composition is given by the following 
equation. 
  CH3OCH3＋X0O2＋X1(N2 or Ar or CO2),  (3) 

where X0 is the number of moles of oxygen per one mole of fuel in a 

①
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Fig. 1  Combustion Chamber 

①:Perforated Plate 
②:Observation  
   window 
③:Fan 
④:Ignition plug 

Table  1  Properties of mixtures 
Group  Ⅰ 

Group  Ⅱ 

Z T ad α D S u
0 L u

(％vol.) [K] [mm2/s] [mm2/s] [cm/s] [mm]

0.8 21.0 2484 0.136 20.3 12.6 30.7 0.2527 3.83 1.61
0.9 21.0 2596 0.127 20.1 12.6 36.9 0.1770 3.24 1.60
1.0 21.0 2666 0.121 19.9 41.5 0.1429 2.98
1.1 21.0 2693 0.119 19.8 19.3 44.0 0.1248 2.78 1.02
1.2 21.0 2675 0.119 19.6 19.3 42.3 0.0900 1.94 1.02
1.3 21.0 2628 0.120 19.4 19.2 37.3 0.0495 0.95 1.01
1.4 21.0 2562 0.121 19.3 19.2 31.6 0.0415 0.68 1.01
1.5 21.0 2499 0.122 19.1 19.1 22.9 -0.0157 -0.19 1.00
1.6 21.0 2438 0.123 18.9 19.0 17.6 -0.0430 -0.40 1.00
1.7 21.0 2362 0.125 18.8 19.0 12.4 -0.0746 -0.49 0.99
1.8 21.0 2308 0.126 18.7 18.9 9.1 -0.0967 -0.47 0.99
1.9 21.0 2243 0.128 18.5 18.9 6.4 -0.1315 -0.46 0.98
2.0 21.0 2182 0.129 18.4 18.8 5.4 -0.1406 -0.42 0.98
1.0 11.9 2666 0.135 19.6 22.7 0.3288 3.80
1.1 12.0 2697 0.134 19.5 19.6 27.8 0.2183 3.11 0.99
1.2 11.8 2674 0.138 19.4 19.6 29.3 0.1925 2.91 0.99

0.8 11.8 2484 0.156 19.9 11.9 17.4 0.3004 2.62 1.67
0.9 11.8 2597 0.143 19.8 11.9 24.4 0.2658 3.28 1.66
1.0 11.9 2666 0.135 19.6 30.4 0.2154 3.35
1.1 12.0 2697 0.134 19.5 19.6 34.3 0.1562 2.82 0.99
1.2 11.8 2674 0.138 19.4 19.6 33.8 0.1438 2.51 0.99
1.3 11.7 2628 0.141 19.3 19.6 30.9 0.1242 2.00 0.99
1.4 11.6 2563 0.144 19.2 19.5 24.8 0.0906 1.17 0.98
1.5 11.6 2499 0.146 19.0 19.5 17.9 0.0451 0.42 0.98
1.6 11.7 2438 0.148 18.9 19.4 11.1 0.97
1.7 11.6 2363 0.151 18.8 19.4 7.7 0.0462 0.20 0.97
1.8 11.7 2307 0.153 18.7 19.4 6.3 0.0876 0.29 0.97
1.9 11.7 2243 0.156 18.6 19.3 5.1 0.96
2.0 11.7 2182 0.158 18.5 19.3 4.2 0.96
0.8 34.9 2484 0.123 13.1 9.9 35.0 0.0749 1.94 1.33
0.9 36.0 2596 0.115 13.0 9.9 44.0 0.0681 2.30 1.32
1.0 36.8 2665 0.109 13.0 49.9 0.0483 2.00
1.1 37.0 2698 0.105 12.9 16.4 51.8 0.0446 1.79 0.79
1.2 35.7 2672 0.105 12.7 16.3 47.0 0.0438 1.62 0.78
1.3 34.6 2627 0.105 12.6 16.2 41.8 0.0293 0.97 0.78
1.4 33.9 2561 0.107 12.5 16.2 36.4 0.0267 0.78 0.77
1.5 33.8 2498 0.107 12.4 16.1 31.5 0.0053 0.14 0.77
1.6 33.9 2439 0.108 12.3 16.1 26.3 0.77
1.7 34.0 2365 0.109 12.2 16.0 20.6 -0.0394 -0.66 0.76
1.8 34.3 2309 0.109 12.2 16.0 15.9 -0.0692 -0.91 0.76
1.9 34.5 2243 0.110 12.1 15.9 11.5 -0.0925 -0.88 0.76
2.0 34.8 2183 0.110 12.0 15.9 9.1 -0.0939 -0.73 0.76

Ma Leφ

DME/O2/CO2

(S u 0,L u  and Ma
shows numerical

results.)

DME/O2/Ar

DME/O2/Ar

(S u 0,L u  and Ma
shows numerical

results.)

Composition

DME/Air

ρ b /ρ u

Z T ad α D S u
0 L u

(％vol.) [K] [mm2/s] [mm2/s] [cm/s] [mm]
0.8 14.3 2654 0.138 19.7 11.9 29.4 0.2323 3.47 1.65
0.9 14.3 2740 0.130 19.5 11.9 33.7 0.1618 2.79 1.64
1.0 14.3 2794 0.124 19.4 39.3 0.1151 2.33
1.1 14.3 2821 0.122 19.2 19.6 42.5 0.0803 1.78 0.98
1.2 14.3 2824 0.123 19.1 19.6 44.8 0.0691 1.62 0.97
1.3 14.3 2803 0.125 18.9 19.5 43.0 0.0491 1.12 0.97
1.4 14.3 2758 0.127 18.8 19.5 37.5 0.0243 0.48 0.97
1.5 14.3 2701 0.129 18.7 19.5 32.7 0.0192 0.34 0.96
1.6 14.3 2638 0.131 18.5 19.4 26.7 -0.0264 -0.38 0.96
1.7 14.3 2562 0.133 18.4 19.3 19.6 -0.0652 -0.69 0.95
1.8 14.3 2498 0.135 18.3 19.3 15.0 -0.0893 -0.73 0.95
1.9 14.3 2426 0.138 18.1 19.2 11.5 -0.1157 -0.74 0.94

2.0 14.3 2356 0.140 18.0 19.2 8.8 -0.1392 -0.68 0.94

Composition φ ρ b /ρ u Ma Le

DME/O2/Ar
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mixture, X1 is the number of moles of dilution per one mole of fuel in a 
mixture. In this case, the equivalence ratio, φ, can be calculated as 
follows. 

  
0

3
X

=φ .    (4) 

Moreover, dilution ratio, Z, was used to specify the degree of dilu-
tion, which can be defined as follows. 

  
10

0

XX
X

Z
+

=  .   (5) 

In this study, the mixtures can be divided into two groups, that is, 
Group Ⅰ consists of DME/O2/Ar mixtures and DME/O2/CO2 mix-
tures having the same adiabatic flame temperature as that of the corre-
sponding DME/Air mixtures at each equivalence ratio, which can be 
prepared by changing dilution ratio, Z. These mixtures were used to 
elucidate the effect of the kind of inert gas on the combustion proper-
ties. Group Ⅱ consists of DME/O2/Ar mixtures with Z=14.3%. 
These were used to elucidate the effect of the amount of dilution on the 
combustion properties. 

Table 1 shows the properties of the mixtures on Group Ⅰ and Ⅱ, 
respectively. In Table 1, Tad is the adiabatic combustion temperature, 
ρb/ρu is the ratio of the burned to unburned gas density, α is the ther-
mal diffusivity, D is the diffusion coefficient of the deficient reactant, 
Su0 is the unstretched laminar burning velocity, Lu is the Markstein 
length and Ma is the Markstein number. Tad, and ρb/ρu were calculated 
by the EQUIL code, Su0, Lu and Ma were obtained by experiment. The 
numerical results of Su0, Lu and Ma of DME/O2/Ar mixtures and 
DME/O2/CO2 mixtures on Group Ⅰ are also shown for comparison. 
Moreover, Le is the Lewis number based on the molecular diffusion 
coefficient of the deficient reactants. 

 
3. MEASUREMENTS OF LAMINAR BURNING VELOCITY 
In this chapter, the method for analyzing experimental data accu-

rately is discussed. Effects of flame stretch on the laminar burning 
velocities were correlated using an early proposal of Markstein [18] 
that was subsequently generalized and extended at the limit of small 
stretch, as discussed by Clavin [19], as follows: 

κuuu LSS −= 0 ,      (6) 

where Su0 is the stretched laminar burning velocity, κ is the stretch 
rate. The unstretched laminar burning velocities, Su0, were deter-
mined by linear extrapolation of the measured stretched laminar 
burning velocity to zero stretch rate [17]. In the process, the effects of 
the measurement error on the laminar burning velocity and Markstein 
number were investigated as follows. The error regarding the least 
square method is estimated by the following equations [20]. 
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where Sui is the burning velocity and κi is the stretch rate obtained by 
ith measurement, respectively.  

Fig. 2 shows one example of experimental results of Su0 and Lu. 
From this figure, it is found that the measurement accuracy is within 
3%. For all the mixtures, the measurement accuracy was found to be 
within 10% at most. Once Su0 and Lu are specified, Markstein number, 
Ma, can be obtained by the following equation. 

  
α

uu LSMa ×
=

0
.    (9) 

Table 1 shows experimental data for DME/O2/Ar and 
DME/O2/CO2 obtained by the method mentioned above and data for 
DME/Air provided in the reference [11]. 

 
4.  RESULTS AND DISCUSSION 
4.1 EFFECTS OF INERT GAS ON LAMINAR BURNING 

VELOCITY 
Firstly, in this study, the effects of inert gas on the laminar burning 

velocity were investigated. Fig. 3 (a) shows the experimental and nu-
merical results of unstretched laminar burning velocity, Su0, of 
DME/Air mixtures, DME/O2/Ar mixtures and DME/O2/CO2 mixtures 
on Group 1, along with the data for DME/Air reported by Daly et al. 
[21] and Zhao et al. [22]. It can be seen from Fig. 3 (a) that the data 
reported by Daly et al. give good agreement with the present data, 
while the data reported by Zhao et al. and numerical results overesti-
mate the burning velocity for all equivalence ratios. The higher burn-
ing velocities reported by Zhao et al. may be due to the fact that they 
used a counter-flow twi-flame technique, in which the data correction 
procedure is still the subject of debate. Fig. 3 (a) also shows that the 
burning velocities obtained from the PREMIX show very good 
agreement with the data of Zhao et al. This is due to the fact that the 
reaction mechanism employed in this study has been developed based 

Fig. 2   Effects of the Error of measurements 
                on the combustion properties 

(a)   Error of Su0 
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on the data of Zhao et al. For DME/O2/Ar mixtures, numerical results 
also give higher burning velocities than experimental results for 
equivalence ratios from 1.0 to 1.2. The burning velocities, however, of 
DME/O2/Ar mixtures for equivalence ratios richer than 1.3 and those 
of DME/O2/CO2 mixtures for all equivalence ratios could not be 
measured correctly, because cellularity was found to trigger at a very 
early stage. It can be seen from the comparison of calculation results 
for DME/Air mixtures, DME/O2/Ar mixtures and DME/O2/CO2 mix-
tures that DME/Air mixtures have the highest burning velocities and 
DME/O2/Ar mixtures have the lowest burning velocities. According to 
thermal theory of Mallard and Le Chatelier [23], laminar burning 
velocity depends mainly on the thermal diffusivity, α, and mass pro-
duction rate of the fuel, Fm& . That is; 

  
ρ

α F
u

mS
&

⋅∝0 .    (10) 

Mass production rate of the fuel, Fm&  [kg/(m3s)], can be expressed 

by fuel production rate, Fω&  [Kmol/(m3s)], and fuel molecular 
weight , MWF. That is; 

  FFF MWm ω&& = .    (11) 

Assuming one-step irreversible overall reaction of Arrhenius form, 
Fω&  can be given by 

  
[ ] [ ] [ ] ( )RTEXXA
dt
Xd

A
n

ox
m

F
F

F exp=≡ω& , (12) 

where A is frequency factor, XF and Xox are the fuel and Oxidation 
mole concentration, respectively, EA is the activation energy, R is the 
specific gas constant, and m and n is the reaction order. It is found 
from Eqs. (10)-(12) that burning velocity depend mainly on (1) the 
thermal diffusivity α, and (2) the concentrations of fuel and oxidation 
for the same fuel at a given temperature. Compared DME/Air mix-
tures with DME/O2/CO2 mixtures, the latter have small thermal diffu-
sivities, which leads to their lower burning velocities, as shown in Fig. 
3(a). On the other hand, compared DME/Air mixtures with 
DME/O2/Ar mixtures, although both have almost the same thermal 
diffusivities, the latter have lower burning velocities. This is due to 
their lower concentration of DME and O2, in a mixture, because Ar 
has lower specific heat than N2, so the larger amount of Ar is needed to 
keep the temperatures of DME/O2/Ar mixtures the same as those of 
the corresponding DME/Air mixtures. 

Fig. 3 (b) shows the comparison between DME/O2/Ar mixtures on 
Group Ⅰ and Group Ⅱ, along with the data of DME/Air mixtures. 
It can be seen from Fig. 3 (b) that DME/O2/Ar mixtures on Group Ⅱ 
have almost the same laminar burning velocities on the lean side and a 
little bit higher values on the rich side, compared with DME/Air mix-
tures. In this case, DME/O2/Ar mixtures on Group Ⅱ have about 6% 
higher flame temperatures. 

 
4.2 EFFECTS OF INERT GAS ON FLAME INSTABILITY 
As flames gets instable, cellular flames triggers. Then the flame sur-

face area increases, which leads to a increase in the burning velocity. 
This can affect the system performance of an engine. There are two 
types of instabilities [19]. The first is called the hydrodynamic instabil-
ity and is caused by the density change across a flame. The second 
instability is due to differential diffusion of reactants and energy, and is 
called the thermal-diffusive instability. The thermal-diffusive instabil-
ity occurs when the Lewis number is less than some critical value, 
which can be realized by changing a kind of inert gas. Therefore, the 
effect of inert gas on unstable of flame was investigated.  

Fig. 4 (a) (b) (c) show schlieren image for DME/Air mixture, 
DME/O2/Ar mixtures and DME/O2/CO2 mixtures on Group Ⅰ, re-
spectively. In Fig. 4 (a), DME/Air flames are found to be stable for all 
equivalence ratios. On the other hand, in Fig. 4 (b), DME/O2/Ar 
flames are found to get unstable for equivalence ratios richer than 1.3, 
while they are found to remain stable for equivalence ratios smaller 
than 1.2. This can be due to their smaller Lewis number on the richer 
side. Considering that DME/Air mixtures and DME/O2/Ar mixtures 
have almost the same values of Lewis number at each equivalence 
ratio, the different response to flame instability between them are due 
to their different chemical reaction times. That is, DME/O2/Ar mix-

Fig. 3   Variations of Su0 with φ 
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tures have lower burning velocities than DME/Air mixtures, so that 
they have longer chemical reaction times which are considered to be 
enough to make the flame unstable. It can be seen from Fig. 4 (c) that 
DME/O2/CO2 flames are the most unstable. This could be due to the 
fact that they have the lowest Lewis numbers for all equivalence ratios. 

Next, in this study, the quantitative effects of the flame instability 
on laminar burning velocity were investigated. Fig. 5 shows variations 
of stretched laminar burning velocity, Su, as a function of flame radius, 
r, for DME/Air mixtures and DME/O2/CO2 mixtures with equivalence 
ratios of 0.8 and 1.6, respectively. It can be seen from Fig. 5 that 
DME/O2/CO2 mixtures have higher burning velocities at both equiva-
lence ratios, even though they have lower unstretched laminar burning 
velocities calculated by PREMIX, as can be seen in Fig. 3. This is due 
to the increase in the surface area caused by the instability for 
DME/O2/CO2 flames. Therefore, it follows that the effects of flame 
instability on burning velocity are qualitatively large. 
 

4.3 EFFECTS OF INERT GAS ON STRETCHED LAMINAR 
FLAME 

Fig. 6 (a) shows both experimental and numerical results for Mark-
stein number, Ma, as a function of equivalence ratio, φ, on Group Ⅰ, 
suggesting that the values of Ma decrease with increasing equivalence 
ratio for all mixtures, although there are some quantitative deviations 
between experimental results and numerical results. Compared 
DME/Air mixtures with DME/O2/CO2 mixtures, the latter are found to 
have lower values of Ma for all equivalence ratios. This can be ex-
plained in terms of the interaction between flame stretch and the Lewis 

number effect, as described below. That is, for a two-reactant mixture 
and a single-step reaction, the Clavin and Williams’ asymptotic analy-
sis yields [19] the following. 
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Fig. 5   Variations of Su with r 
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where σ is the density ratio ( =ρu/ρb ), β is the Zeldovich number, Le is 
Lewis number and x is a dummy variable. From Eq. (13), it is found 
over a wide range of mixtures, Ma changes in a nearly linear fashion 
with Le. In Table 1, it can be seen that DME/O2/CO2 mixtures have 
small Lewis numbers, compared with the corresponding DME/Air 
mixtures. This is mainly due to the smaller thermal diffusivities of 
DME/O2/CO2 mixtures. That is, the decrease in thermal diffusivity by 
CO2 dilution lowers the Lewis number, leading to decrease in Mark-
stein number, compared to the corresponding DME/Air mixtures. 
Compared DME/Air mixtures with DME/O2/Ar mixtures, the latter 
are found to have lower values of Ma for equivalence ratios from 0.8 
to 1.3. In Table 1, it can be seen that DME/O2/Ar mixtures have large 
Lewis numbers for equivalence ratios from 0.8 to 1.3, compared with 
the corresponding DME/Air mixtures. This is mainly due to the 
smaller mass diffusion of reactants in a DME/O2/Ar mixture. That is, 
the decrease in the mass diffusion of reactants by Ar dilution increases 
the Lewis number, leading to increase in Markstein number, compared 
to DME/Air mixtures. On the other hand, both are found to have the 
similar Lewis numbers for equivalence ratios richer than 1.3, which 
results in the similar values of Markstein numbers. 

Fig. 6 (b) shows the comparisons of Markstein numbers of 
DME/O2/Ar mixtures between Group Ⅰ and Group Ⅱ. It can be 
seen from Fig. 6 (b) that DME/O2/Ar mixtures on Group Ⅱ, which 
have smaller amounts of Ar, have smaller Markstein numbers, com-
pared with the corresponding DME/O2/Ar mixtures on Group Ⅰ. 
This may be due to the lower Lewis number of DME/O2/Ar mixtures 
on Group Ⅱ, as can be seen in Table1. That is, as Ar has larger ther-
mal diffusivity than DME, the thermal diffusivity of a mixture de-
creases with decreasing amounts of Ar, which leads to decrease in 
Lewis number and Markstein number for Group Ⅱ mixtures. 

 
5.  CONCLUSIONS 
In this study, the following conclusions were obtained.  

1. Compared DME/Air mixtures, DME/O2/Ar mixtures and 
DME/O2/CO2 mixtures, which have the same adiabatic flame 
temperature at each equivalence ratio, DME/Air mixtures were 
found to have the highest burning velocities and DME/O2/Ar 
mixtures have the lowest burning velocities. 

2. From schlieren image, DME/Air flames were found to be stable 
for all equivalence ratios. On the other hand, DME/O2/Ar 
flames were found to get unstable for equivalence ratios richer 
than 1.3, while they were found to remain stable for equivalence 
ratios smaller than 1.2. In addition, DME/O2/CO2 flames were 
found to be the most unstable, and the effects of flame instability 
on burning velocity were qualitatively large. 

3. Markstein number decrease with increasing equivalence ratio 
for all mixtures. This behavior can be explained in terms of the 
interaction between flame stretch and the Lewis number effect. 
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