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Fig. 10 Effects of syngas
addition to DME-air
mixtures on unstretched
laminar burning velocities

at various initial pressures.
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DME / DME + Syngas, Pu=02MPa, Tu=298 + 3K §=08

] . l ' ' =LK 4
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Fig. 13 Effects of syngas addition on the cellular
instabilities in DME-syngas-air flames at P, = 0.2 MPa.
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Fig. 14 Effects of syngas addition on the cellular
instabilities in DME-syngas-air flames at P, = 0.3 MPa.
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Fig. 17 Effects of initial pressure on the cellular instabilities in

DME-syngas-air flames at ¢ = 1.2.
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°] Markstein length ZAI}E Q9ste B FFo| AA T

_ Sy SV experiment SY . model L,
B, =0.1MPa ¢ % Pul Py (cm/s) (cm/s) (mm)
0.7 1.4457 6.683 21.631 26.28 2.379
0.8 2.1350 7.200 29.652 35.11 2.040
0.9 2.9620 7.633 38.681 42.16 1.476
1.0 3.5515 7.955 44.643 46.67 1.199
1.1 3.8300 8.170 46.887 48.51 0.965
s =0 12 38098 8269 46.074 47.56 0.896
1.3 3.5626 8.251 43.177 43.28 0.519
1.4 3.0858 8.190 37.679 35.99 0.142
1.5 2.5033 8.119 30.833 27.07 0.099
1.6 1.9792 8.071 24.523 18.27 -0.279
1.7 1.3621 7.992 17.043 13.33 -0.605

Table A. 1. Summary of the experimental results in DME-air flames
at P, = 01 MPa and 7, = 298 K.
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_ Sy 5", experiment 5", model L,

fu=01MPa ’ (m/s) Pl Py (cm/s) (cm/s) (mm)
0.7 1.471 6.791 21.662 27.75 1.953

0.8 2.356 7.382 31.919 36.89 1.575

0.9 3.009 7.875 38.633 44.18 1.321

1.0 3.718 8.213 45.269 49.11 1.053

1.1 4.033 8.354 48.278 51.35 0.927

o =025 1.2 3.977 8.329 47.752 50.68 0.739
syngas 1.3 3.848 8.258 46:592 46.79 0.494
1.4 3.399 8.171 41.602 40.03 0.538

15 2.815 8.092 34.788 31.51 0.130

1.6 2.108 8.011 26.310 22.41 -0.258

T 1.587 7.914 20.051 15.55 -0.711

1.8 1.212 7.826 15.485 11.92 -0.861

Table A. 2. Summary of the experimental results in 75% DME +
25% syngas-air flames at P, = 0.1 MPa and 7, = 298 K.
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_ Sy 5", experiment 5", model L,
fu=01MPa ’ (m/s) Pl Py (cm/s) (cm/s) (mm)
0.7 1.560 6.732 23.166 31.50 1.103
0.8 2.703 7.285 37.108 4142 0.928
0.9 3.370 7.740 43.546 49.44 1.024
1.0 4.016 8.061 49.827 55.11 0.638
1.1 4.579 8.190 55.910 58.16 0.492
1.2 4.515 8.174 55.230 58.37 0.285
Cypgas=0.50 13 4266 8102 52.647 55.58 0.088
1.4 4.026 8.019 50.204 49.63 0.005
15 3.386 7.928 42.703 40.86 0.001
1.6 2.715 7.823 34.706 30.52 0.121
T 1.887 7.737 24.389 21.45 -0.114
1:8 1.462 7.643 19.124 15.51 -0.694
1.9 1.123 7.540 14.894 12.06 -0.818

Table A. 3. Summary of the eéxperimental results in 50% DME +
50% syngas-air flames at P, = 0.1 MPa and 7, = 298 K.
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_ Sy 5", experiment 5", model L,
Li=01MPa ¢ (m/s) Pul o (cm/s) (cm/s) (mm)
0.6 1.503 5.984 25.114 26.73 0.092
0.7 2.542 6.566 38.704 39.68 0.228
0.8 3.561 7.077 50.322 51.63 0.388
0.9 4.367 7.477 58.410 61.62 0.411
1.0 5.062 7.749 65.315 69.29 0.486
1.1 5.575 7.875 70.791 74.37 0.478
1.2 5905 7.865 75:079 76.76 0.532
Uyyngas=0.75 137 5829 = 7789 74.835 76.36 0.323
1.4 5.622 7.704 72.970 73.05 0.471
1.5 5.019 7.610 65.958 66.82 0.370
1.6 4315 7.502 57.519 57.63 0.523
1.7 3.595 7.391 48.636 46.47 0.509
1.8 2.748 7.285 37.729 34.70 0.462
1.9 2.093 7.190 29.116 24.72 0.412
2.0 1.546 7.093 21.792 18.32 0.460

Table A. 4. Summary of the experimental results in 25% DME +
75% syngas-air flames at P, = 0.1 MPa and T, = 298 K.
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Effects of syngas addition on flame propagation and stability in outwardly

propagating spherical dimethyl ether-air premixed flames

Won Sik Song

Interdisciplinary Program of Biomedical Engineering, The Graduate School,

Pukyong National University

Abstract

The main purpose of this study is to evaluate the usability of the blend fuel
compound of dimethyl ether and syngas as alternative energy. The focus was
to measure the laminar burning velocity which is the most fundamental factor
in determining the efficiency. of internal engines and to assess the flame
instability. Experiments: in outwardly propagating spherical flame were carried
out to investigate unstretched laminar burning welocity “and -flame instability by
adding 25%, 50%, and 75%-syngas to DME-air-mixtures at room temperature
and elevated pressures up to 0.3 MPa. The measured unstretched laminar
burning velocities were compared to numerical predictions using PREMIX code
with Zhao reaction mechanism and good agreement was found between them.
Flame instability was also investigated through evaluating Markstein length and
cellular instability. Behavior of the Markstein lengths was described well by

the deficient reactant Lewis number and highly affected by the amount of
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syngas addition to the DME-air mixtures. Effects of syngas addition and
increased initial pressure on cell formation on the flame surface were also
examined through evaluating the Lewis number, flame thickness, and thermal
expansion ratio. Regardless of syngas addition, the cellular instability was
enhanced mainly by the hydrodynamic instability due to decreased flame

thickness while diffusional-thermal instability was minor.
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