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Abstract: To investigate the low-temperature combustion process in advanced engine combustion
modes and analyze the energy-mass conversion mechanism during the low-temperature combustion
process of dimethyl ether (DME), this study systematically examines the generation conditions,
double flame structure, chemical reaction pathways., and entropy production characteristics of
laminar premixed double flame in DME/O,/N, mixtures under varying equivalence ratios,
nitrogen mole fractions, initial pressures, and initial temperatures. The exergy destruction
characteristics of double flame under different initial operating conditions are further analyzed.
revealing the key sources of energy loss during the double-flame stage of low-temperature
combustion. The results indicate that double flame characteristics are most pronounced under low-
pressure, low-temperature, and fuel-rich conditions, with both flame structure and entropy
production rate exhibiting a “double peak” trend along the axial flame direction, characterized by

two distinct peaks. Elevated mole fractions of CH; OCH, O, and HO, radicals enhance the reaction
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entropy production rate and total entropy production rate in double flames. When pressure is

0.2 MPa and N, mole fraction is 30% , increasing the temperature from 300 K to 450 K reduces

the heat transfer exergy destruction rate by 41. 2% for an equivalence ratio of 5 and by 52. 4% for

an equivalence ratio of 10. This study provides valuable insights for regulating low-temperature

combustion processes in engines and optimizing engine combustion strategies.

Keywords: dimethyl ether; laminar premixed dual flame; double flame; entropy generation;

exergic analysis
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Fig. 1 Laminar premixed flame model and structure diagram
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Table 1 DME laminar premixed flame simulation condition
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Fig. 6 Reaction path diagram of dimethyl ether laminar premixed double flame
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