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Abstract

This article focuses on the study of leakage problems in buried pure hydrogen pipelines. Hydrogen
energy, as an important way to achieve the “3060 dual carbon target”, has significant advantages in
pipeline transportation for long-distance transportation. At present, research on the leakage of bur-
ied pure hydrogen pipelines is scarce, with high experimental costs and risks. Therefore, Simdroid5.0
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software is used to establish a leakage simulation model. By taking the proposed pure hydrogen
pipeline as a prototype, setting different leakage aperture, location, and various soil condition pa-
rameters, combined with fluid dynamics control equations and turbulence models, numerical sim-
ulations were conducted. The results indicate that as the leakage aperture increases, the tempera-
ture around the leakage aperture decreases; the diffusion speed of hydrogen varies depending on
the location of the leakage hole. It is fastest when facing upwards and first accumulates in the soil
before diffusing upwards when facing downwards; the soil type has a crucial impact on the diffusion
of hydrogen gas leakage, with the diffusion rate being in the order of sandy soil, loam soil, and clay.
Moreover, the smaller the viscosity resistance coefficient and porosity, the faster the hydrogen gas
leakage. The research provides basic support for the safe transportation of pure hydrogen pipelines
in the future, but there are limitations to the research, such as the lack of on-site testing and actual
measurement data support, and simplification of soil conditions. Subsequently, actual experimental
testing should be carried out to compare simulated and actual data, and more complex soil factors
should be considered to establish a more comprehensive leakage model, in order to promote the
development of pure hydrogen pipeline hydrogen transportation technology.
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Figure 1. Leakage diagram of small holes in pipelines
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Figure 2. Leakage diagram of small holes in pipelines
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Figure 3. Model generates Cartesian grid
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Figure 4. Generate grid profile
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Figure 5. Grid diagram of encrypted leakage holes
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Figure 6. Temperature at leakage of 1 mm aperture for 100 s
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Figure 7. Temperature at leakage of 2 mm aperture for 100 s
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Figure 8. Temperature at leakage of 3 mm aperture for 100 s
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Figure 9. Temperature after 100 seconds of leakage when the leakage aperture is 1 mm
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Figure 10. Temperature after 100 seconds of leakage when the leakage aperture is 2 mm
10. HitHRFLERS 2 mm B, St 100 s FRIRE

DOI: 10.12677/me.2025.132031 279

Tl AR


https://doi.org/10.12677/me.2025.132031

£,
=

M

Ammitt R FLIE FE 37

== SR 5 7 Smm
= 2 7t 22 _F 77 10mm

2947 | PEEIHE 5L J7100mm
1 | PSR S L J5200mm
e B YR A7 500mm
292
= —
290 - Pa
288 -
=
e
g 286 -
284 -
282 -
280 -
T T T T T T T T T T
0 20 40 60 80 100

9 s I TR/

Figure 11. Temperature after 100 seconds of leakage when the leakage aperture is 4 mm
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Figure 12. Upper 900 s leakage cloud
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Figure 13. Lower 900 s leakage cloud
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Figure 14. Side 900 s leakage cloud map
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Figure 16. Distribution curve of hydrogen mass fraction along the
length of the buried pure hydrogen pipeline at monitoring point |
when leakage occurs for 200 seconds under different soil porosities
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Figure 17. Distribution curve of hydrogen mass fraction along the
length of the buried pure hydrogen pipeline at monitoring point | for
200 seconds of leakage under different viscous resistance coefficients
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