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Development and trends of direct injection hydrogen internal
combustion engine technology
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Abstract: Hydrogen energy is the best energy carrier to achieve carbon peak and carbon neutrality, and is
also regarded as the ultimate energy source in the 21st century. The hydrogen internal combustion engine has
the significant advantages of zero carbon emission, high efficiency, high reliability and low cost, which makes

it one of the important directions for hydrogen energy applications. The direct-injection hydrogen internal
combustion engine, which can effectively suppress backfire and significantly increase power density, is a hot
topic in the recent stage of development of hydrogen engine. It has attracted much attention from traditional
automobile companies and research institutes at home and abroad. This paper systematically summarizes

the advantages and disadvantages of various types of hydrogen internal combustion engines as well as the
technical approaches and the details of the relevant hydrogen engines. The utilize of exhaust gas turbocharging
can make the power density of hydrogen internal combustion engine reach 80 kW/L. High compression ratio and
lean burn combustion can reach the brake thermal efficiency to 42% ~ 45%, and the exhaust gas recirculation
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technology can reduce the NO, pollutant of hydrogen engine less than 0.5 g/kWh. The paper also addresses

the new issues posed by the next-generation direct-injection hydrogen engine, analyzing the current state of

development and the technical details including mixture formation, combustion characteristics, combustion

mode, effective thermal efficiency improvement, NO, control methods and post-processors. We also discuss

the future technological development trend of reaching 50% brake thermal efficiency under near-zero emission

working conditions.

Key words: hydrogen internal combustion engine; direct injection; brake thermal efficiency; lean-burn

combustion; exhaust post-processing
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NATE R IRBE BRI s nanc N LPRIRGERCEM
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F T S A SRR, MU ERR S RUR B,
AT HA T T RE S A A T AL
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(BB e 1 2 P, T, Wallner A FLAE 2 000 r/min
T, ffih 0.17 MPa #2551 1.35 MPa, ARfGFREHE
M 33 7 #5101 T, R AL GG ELAN 1% FREZ 5%,
S. Tanno iR &I, FEARMESHTH Iy tun] A/ & HAd K,
7E 2 000 r/min /IMifa (< 0.6 MPa R ), Wi S 20
MPa FEKE] 10 MPa, ¥ H1451 26 A 25% AL 2 12%,
PECRPETE T 5% FZPHh, YBEH RN, SR
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AT PAREAG 71%0 M. Youkins™ 5% 122 YR IGE 5] Fmg
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0.08 g/kWh.

A NRHUAERR R T BLIZ 1T, A. Kufferath®
&t R AR AL R AL AR SR /D i PP IIR 58 2 1
() HC Fl CO 5 I FHASURL b 8 5 1 S ML AR 7~ A2 1Y
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