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Numerical simulation of leakage and diffusion of buried pure hydrogen/
hydrogen-doped natural gas pipeline

HU Weipeng, CHEN Guang, QI Baojin, ZHANG Yonghai

School of Chemical Engineering and Technology, Xi'an Jiaotong University

Abstract: In order to study the diffusion characteristics of pure hydrogen/hydrogen-doped natural gas in the soil environment, a three-dimensional
leakage model of the buried pure hydrogen/hydrogen-doped natural gas pipeline was established by Fluent software. On this basis, the effects of the
characteristics of the leakage port, buried depth of the pipeline, soil condition, pipeline pressure and hydrogen blending ratio on the leakage of buried
pure hydrogen/hydrogen-doped natural gas pipeline were analyzed. The results show that: the leaked hydrogen diffuses at a relatively slow rate in the
soil environment but gathers near the leakage port. The larger the leakage aperture, the larger the aspect ratio of the leakage port, and the greater the
hydrogen leakage risk. Besides, the location of the leakage port will have a main effect on the distribution of leaked hydrogen. For the large hydrogen
pipeline, the hydrogen concentration should be monitored around the pipelines to avoid hydrogen leakage accidents. The shallower the pipeline is
buried, the more the leaked hydrogen and the greater the risk. As the hydrogen leaks and diffuses faster in soil with large porosity and large particle
size, different hydrogen transportation monitoring schemes should be designed for different soil conditions. In the process of hydrogen-doped natural
gas transportation, the time required for the mixed gas at the same monitoring point to reach the lower explosive limit becomes shorter with the
increase of the hydrogen blending ratio, which increases the risk of hydrogen leakage gradually. Generally, the research results can provide theoretical
reference for the safe and stable operation of pure hydrogen/hydrogen-doped pipelines in the future. (17 Figures, 3 Tables, 19 References)
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Fig. 1 Physical model of buried pure hydrogen/hydrogen-
doped natural gas pipeline leakage
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Table 1 Different leakage and diffusion conditions of buried pure hydrogen/hydrogen-doped natural gas pipelines

Tl fLREELK Gl X R FD /mm RO HERRIR YR /m S5 J£71/MPa BALL
1 10 I iz 1.0 THEA 0.40 100%
2 5 i) | [ 1.0 +HA 0.40 100%
3 20 IF) | i 1.0 A 0.40 100%
4 10 NN 547 1.0 T4 A 0.40 100%
5 10 I A 547 1.0 T3 A 0.40 100%
6 17.72 F] b 1ET7% 1.0 +THEA 0.40 100%
7 5X62.8 BN LENER Pl 1.0 THEA 0.40 100%
8 62.8X5 [l LHERSpI A e 1.0 T A 0.40 100%
9 10 ) b [t 1.5 TIHEA 0.40 100%

10 10 ) | [ 0.8 +a A 0.40 100%
11 10 A b [ 1.0 T4 B 0.40 100%
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Table 2  Setting of different soil parameters for leakage and
diffusion of buried pure hydrogen/hydrogen-doped natural gas

pipelines
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A 0.05 0.43 2.452% 10" 501 842
B 0.05 0.55 7.302X10" 189 331
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E 0.10 0.43 6.130X 10" 250 921
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Fig.2 Grid division of leakage simulation model for buried
pure hydrogen/hydrogen-doped natural gas pipelines
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Fig.3 Hydrogen volume fraction after 300 s leakage and

diffusion of buried pure hydrogen pipeline under operating
condition 1
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Fig. 4 Variation of hydrogen volume fraction at monitoring
point I of buried pure hydrogen pipeline with different leakage
apertures with time
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Fig. 5 Distribution of hydrogen volume fraction and diffusion velocity along the pipe length direction at monitoring point I after
300 s leakage of buried pure hydrogen pipeline with different leak apertures
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Fig. 7 Variation of hydrogen volume fraction at monitoring
point I of buried pure hydrogen pipeline with different shapes
of leakage port with time
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Fig. 8 Distribution of hydrogen volume fraction and diffusion velocity along the pipe length at monitoring point I after 300 s
leakage of buried pure hydrogen pipelines with different shapes of leakage port
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Fig. 9 Variation of hydrogen volume fraction at monitoring
point I of buried pure hydrogen pipeline at different burial
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Fig. 10 Distribution of hydrogen volume fraction and diffusion velocity at monitoring point I along the pipe length direction after
300 s leakage of buried pure hydrogen pipeline at different burial depths
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Fig. 11 Variation of hydrogen volume fraction at monitoring
point I of buried pure hydrogen pipeline with different soil
porosities with time
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Fig. 13 Variation of hydrogen volume fraction at monitoring
point I of buried pure hydrogen pipeline under different soil
particle sizes with time
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Fig. 15 Variation of hydrogen volume fraction at monitoring
point I of buried pure hydrogen pipeline with time under
different pipeline pressures
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Fig. 16 Distribution of hydrogen volume fraction and
diffusion velocity at monitoring point I along the pipe length
direction after 300 s leakage of buried pure hydrogen pipeline
under different pipeline pressures
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Fig. 17 Variation of volume fraction of hydrogen-doped
natural gas at monitoring point II with time within 100 s of
hydrogen-enriched pipeline leakage under different hydrogen
blending ratios
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at monitoring point II to reach the lower explosive limit after
the pipeline leakage under different hydrogen blending ratios
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