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Abstract: Hydrogen shows promise as an alternative fuel for combustion engines due to its renewability, zero carbon
emissions, and favorable economic efficiency. In the process of utilizing hydrogen, the direct-injection (DI) hydrogen internal
combustion engine (HICE) has been proven to generate significant power with high thermal efficiency and a low risk of abnormal
combustion. This study investigates the effects of the ignition timing and injection timing influence the turbocharged DI-HICE
performance, combustion and emissions characteristics. The results show that by adjusting the ignition timing, delaying the
combustion center of gravity and lowering the cylinder temperature, the nitrogen oxide emission can be reduced by up to 92%,
and the turbocharger can make up for part of the energy loss caused by delayed ignition. At the same time, delaying injection
timing can increase the BTE of hydrogen engines by 1.47%, but at the same time, it will also make the mixture uneven, resulting
in a maximum cylinder pressure increase of 0.27 MPa, and the pressure increase rate from 0.47 MPa/°CA to 1.06 MPa/°CA.. The
optimization of ignition timing and injection timing needs to consider the nitrogen oxides (NOx) emissions characteristics (Near
zero emissions: NOx < 20ppm). Moreover, higher coolant temperatures can reduce 3.33% of the heat transfer losses proportion

and 2.22kW of the other energy losses in the load of 0.4 MPa.
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