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Hydrogen engines have attracted considerable attention as a promising carbon-neutral powertrain technology. Owing to 

their unique combustion characteristics, understanding local wall heat transfer and abnormal combustion behavior is 

essential for improving efficiency and durability. In this study, four thin-film heat flux sensors were installed in a direct-

injection hydrogen motorcycle engine to investigate local heat transfer characteristics from 2000 to 10000 rpm. Furthermore, 

heat flux behavior during a pre-ignition event was successfully measured and evaluated. 

Figure 1 shows the local heat-flux distributions measured at 2000 and 10000 rpm. At all sensor locations, the heat flux 

increased with engine speed. Higher heat-flux values were observed not only during combustion but also during the 

compression stroke, which may be attributed to enhanced convective heat transfer caused by stronger in-cylinder flow at 

higher engine speeds. 

Figure 2 compares the surface temperature and heat-flux histories under normal combustion and pre-ignition conditions. 

At 10000 rpm and λ = 1.7, pre-ignition was observed. The corresponding cylinder pressure reached approximately 20 MPa 

before spark timing.The heat-flux rise appeared in the order of Intake Side, Front Side, Between-Bores Side, and Exhaust 

Side, indicating that pre-ignition originated near the intake 

side. The maximum heat flux reached approximately 60 

MW/m² at the Front Side, nearly six times higher than that 

under normal combustion conditions. 

 
Fig. 1 Effect of Engine Speed on Local Heat Flux Distribution 

 
Fig. 2 Comparison of Surface Temperature and Heat Flux 

during Pre-Ignition and Normal Combustion 
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