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Fig.5 Schematic diagram of the hydrogen supply pipeline
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Fig.8 Maximum and minimum molar volume fractions of

hydrogen at different times
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Fig.9 Leakage velocity distribution diagram of the hydrogen tank section at different times
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Table 4 Ventilation vent position (Unit:mm)

VES Bt I 2eim HLAR AT
(-500,0,520)
(-1000,-210,420) (~1000,460,150)
VES!
(~1500,0,325) (~1000,-460,150)
(-1000,210,420)
(-500,0,520)
(-1000,-210,420) (~1000,460,150)
VEY
(~1500,0,325) (~1000,-460,150)
(-1000,210,420)
(-500,-210,520)
(-500,210,520) (~1000,460,-150)
VE X
(~1000,0,420) (~1000,-460,-150)
(-1500,0,325)
(-500,-210,520)
(-500,210,520) (~1000,460,150)
VEL
(~1000,0,420) (~1000,-460,150)
(-1500,0,325)

d) FE4
E12  4Fhad RO s

Fig.12 Details of four ventilation schemes
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Fig.13  Scheme 1 distribution diagram of hydrogen molar

volume fraction in aircraft cabin
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Fig.14 Scheme 2 distribution diagram of hydrogen molar

volume fraction in aircraft cabin
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Fig.15 Scheme 3 distribution diagram of hydrogen molar

volume fraction in aircraft cabin
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Fig.16 Scheme 4 distribution diagram of hydrogen molar

volume fraction in aircraft cabin
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Table 5 Forced air intake scheme

UiES PERT2E42/em R/ (m/s )
VES 10 10
%6 10 20
VEY 15 10
VES 15 20
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Fig.17 Aircraft cabin bottom air intake position diagram
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Fig.18 Scheme 5 distribution of molar volume fraction of

hydrogen in aircraft cabin
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Fig.19 Scheme 6 distribution of molar volume fraction of

hydrogen in aircraft cabin
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Fig.20 Scheme 7 distribution of molar volume fraction of

hydrogen in aircraft cabin
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Fig.21 Scheme 8 distribution of molar volume fraction of

hydrogen in aircraft cabin
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Table 6 Monitoring point coordinates(Unit:mm)
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Fig.22 Monitoring site location map
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Fig.23 The molar volume fraction of hydrogen at the monitoring site
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Analysis and Optimization Design of Hydrogen Leakage and Diffusion in
Hydrogen Tank Storage Cabin of Hydrogen Internal Combustion Engine Aircraft

Kang Guiwen'?, Wang Chuangchuang’, Xiang Song', Huang Rong?, Yang Fengtian?
1. Key Laboratory of General Avation, Shenyang Aerospace University, Shenyang 110136, China

2. Liaoning General Aviation Academy, Shenyang 110016, China

Abstract: The leakage of hydrogen gas in enclosed spaces of hydrogen internal combustion engine aircraft may lead
to dangerous accidents such as fires and explosions. Therefore, the study of the diffusion law and ventilation strategy
of hydrogen gas leakage is crucial to prevent hydrogen explosion accidents from occurring. By exploring the diffusion
law of hydrogen leakage, suitable ventilation methods can be designed to control the molar volume fraction of
hydrogen in the storage compartment of the hydrogen tank within a safe range. Taking a four-seat hydrogen-fueled
internal combustion engine (ICE) aircraft as the research object, the molar volume fraction and diffusion rate of
hydrogen gas in the hydrogen tank storage compartment (cabin) were studied using computational fluid dynamics
(CFD) simulation, and the law of hydrogen leakage and diffusion in the cabin of hydrogen-fueled internal combustion
engine aircraft was analyzed. The simulation results show that hydrogen is most likely to accumulate in the front part
of the upper surface of the engine room and the front part of the side of the engine room, and the diffusion rate is
faster. Under the condition that the aerodynamic shape is not affected, the hydrogen emission simulation analysis is
carried out by adding vents at different positions on the upper surface and side of the engine room, and the optimal
vent layout is obtained. At the same time, it is found that only adding vents has no obvious effect on hydrogen
emission. In the case of retaining the vent, a forced air intake was added to the bottom of the engine room to
scavenging the interior of the engine room. The simulation results show that the effect is remarkable, and the molar
volume fraction of hydrogen inside the engine room was effectively controlled below 4% (except the area near the
leakage port), which was in the safe range. The research results can provide reference for the ventilation design of
hydrogen tank storage compartment of hydrogen fuel aircraft, and effectively prevent the potential risk caused by
hydrogen leakage.

Key Words: hydrogen leakage; hydrogen internal combustion engine; hydrogen molar volume fraction; hydrogen
supply system; numerical simulation
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