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Hydrogen jet and mixing characteristics under different critical states

Li Xin, Chen Hao, Luo Linlei, Ma Zhihao, Wang Xin
(Vehicle and Transportation Engineering College, Henan University of Science and Technology,
Luoyang 471003, China)

Abstract: When injecting hydrogen gas into the intake air path and in-cylinder environment of an internal combus-
tion engine, there is a transition from supercritical to subcritical between the injection pressure and ambient pres-
sure. High-speed schlieren imaging technology was used to study the injection characteristics under different condi-
tions in a constant volume combustion bomb. The results show that the penetration distance, jet surface area, and
jet volume of the hydrogen jet vary with time under different conditions. However, the change in the jet cone angle
after 1 ms is not significant, and the difference remains within 2°. When the supercritical injection enters the super-
critical environment, the interaction between the jet and surrounding gases enhances turbulence intensity, which
facilitates the entrainment of more surrounding gases. An empirical formula for the jet penetration distance of the
hydrogen jet was proposed, which has proved to be high accuracy. These results can be utilized to optimize the
mixture formation and combustion of hydrogen internal combustion engines, providing references for hydrogen in-
jection strategies.

Keywords: sub/supercritical; hydrogen jet; mixing characteristics; entrainment ratio
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Fig.1 Schematic of the experimental setup
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Tab.2 State parameters of hydrogen under different in-
jection pressures
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po/MPa 0.4 0.8 1.2 2.0 4.0 6.0
pd (kg - m™®) 0.235 0.648 0.969 1.608 3.179 4.713
m/(g - s™) 0.024 0.047 0.071 0.118 0.235 0.350
P/(kg + m - s?) 0.028 0.057 0.085 0.142 0.283 0.422
m'/(g+sT) 0.021 0.040 0.060 0.101 0.199 0.298

P/(kg-m-s?) 0024 0049 0.073 0.121 0240 0.358
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Tab.3 Hydrogen density at different ambient pressures
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BAEE/ (kg - m®) 1131 5658 11.326 17.001 22.682
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flow in sub-sub critical and super-sub critical
states
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