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In recent years, environmental issues such as global warming have been accelerating and many countries are making various efforts to
achieve carbon neutrality by 2050. Methanol has attracted attention as a low-carbon fuel that is relatively easy to synthesize and has good
transport and storage properties due to its liquid state at room temperature and atmospheric pressure. Consequently, methanol-diesel dual-
fuel engines (MDDF engines) are considered promising for use in ships. However, computational results have not been sufficiently validated
against experimental data under a wide range of conditions. Therefore, it is essential to experimentally investigate combustion behavior and
improve the accuracy of the numerical simulation.

In this study, visualization experiments were conducted using a rapid compression and expansion machine at an engine speed equivalent
to 850 rpm and a constant total heat input energy of 4.31 kJ. The effects of methanol energy ratio, excess air ratio, and diesel injection
timing on combustion characteristics were investigated through pressure and R.H.R. history analysis. The results at a diesel injection timing
of -17.5 deg. ATDC showed that ignition delay time was prolonged and IMEP decreased as methanol energy ratio increased or excess air
ratio decreased. Moreover, excessively advancing or retarding diesel injection timing resulted in misfire due to the lower cylinder
temperature and degradation of diesel spray quality. Additionally, it was confirmed that advance limit of diesel injection timing was
independent of excess air ratio and depended only on methanol energy ratio. A reaction mechanism was selected by comparing experimental
measurements of laminar flame velocity and ignition delay time with values calculated using a detailed chemical reaction simulation. Two
reaction mechanisms showed close agreement with experimental results, and Liu scheme() was chosen because it reproduced experimental
results well in low temperature range of 750 to 900 K. Additionally, it consists of only 58 species and 182 reactions, which reduces the
computational cost. A 3D-CFD model was developed by combining the SAGE model and G-equation models. The model was calibrated
by adjusting two coefficients, b; and bs, in Pitsch’s equation® for turbulent burning velocity, which is shown below. It was confirmed that
the calibrated model reproduced not only the pressure and R.H.R history, but also the flame propagation from the combustion chamber to
the external region. Furthermore, as methanol energy ratio increased, the combustion duration became longer, the thermal efficiency
decreased, and exhaust loss and unburnt loss increased. However, the cooling loss decreased since the in-cylinder temperature was lower.
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