4

IBRICEBKRIVOVDRGTIIHE

cllalbelc Y

Study on Improvement of Mixture Homogeneity of Hydrogen Engine by
Jet
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Hydrogen engines are attracting attention as one of the carbon-neutral power sources. Direct injection
in the cylinder after closing the intake valve is effective from the viewpoint of higher output, but NOx
becomes a problem due to the short mixing time and inhomogeneity. This paper analyzes the air-mixture
formation mechanism and proposes design guidelines for jets that achieve a homogeneous mixture. The
following insights were obtained through this research. In a tumble flow environment, coordinating the
jet with the flow and utilizing wall impingement to actively enhance longitudinal vortices improves fuel
transport and turbulent diffusion, enabling homogeneous mixture formation even within the short mixing
time. In a swirl flow environment, injecting fuel from the cylinder head toward the piston and actively
rolling up the jet on the piston wall to form longitudinal vortices helps transport fuel along the piston
sliding direction and compensates for turbulent diffusion, allowing homogeneous mixture formation. By
increasing the scale of longitudinal vortices formed by high-penetration jets, turbulent energy can be
enhanced while suppressing decay, improving diffusion effects at the end of compression. Additionally,
reducing jet travel distance and preventing post-collision interference between jets helps suppress the
required penetration force.
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Fig.1 Airflow and Jet Direction
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Fig. 3 Time History of In-Cylinder Physical Quantities

Fig. 4 Time History of Equivalence Ratio Distribution
in Cylinder
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Diesel Engines
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Table 3 CFD Conditions

Fig. 6 Time History of Equivalence Ratio Distribution
in Cylinder by Single Hole Injection

Fig. 7 Time History of Equivalence Ratio Distribution
in Cylinder by Multi Hole Injection

Fig. 8 Time History of In-Cylinder Physical Quantities
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Fig. 9 Time History of the Degree of Homogeneity in
the Cylinder



Fig. 10 Time History of Equivalence Ratio Distribution
in Cylinder
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Fig. 11 Time History of Equivalence Ratio Distribution
in Cylinder

Fig. 12 Time History of In-Cylinder Physical Quantities
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