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Abstract

To investigate the influence of different diaphragm morphologies after rupture on the steady-state
flow characteristics in a high-pressure hydrogen pipeline, four models were established, including
diaphragm opening angles of 45°, 65°, and 75°, as well as a diaphragm-free model. Numerical simu-
lations were conducted under identical boundary conditions and solver settings. The results show
that the flow variations are mainly concentrated in the middle transition region. Compared with the

EIREE

SCES| M M, SKI5HT, NS, MBEAR. MR IT R R B R AR SRS ). @RS 7, 2026, 15(7): 67-
78. DOI: 10.12677/mo0s.2026.157108


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2026.157108
https://doi.org/10.12677/mos.2026.157108
https://www.hanspub.org/

SN %

diaphragm-free model, the centerline velocity in the 45°, 65°, and 75° models decreases by approxi-
mately 29.2%, 20.8%, and 8.3%, respectively, while the downstream recovery length increases by
about 200%, 120%, and 60%, respectively. The static pressure results indicate that models with a
residual diaphragm are more likely to form localized low-pressure regions, and the 75° model ex-
hibits the largest local pressure drop. The local Mach number distributions show that the 45° model
reaches a critical state and develops a small localized supersonic region, whereas the 65° model is
locally close to the critical condition. In contrast, the 75° and diaphragm-free models remain pre-
dominantly subsonic. In addition, the outlet mean velocities of the four models are all close to 495
m/s, and the differences in outlet flow uniformity are relatively small. The results indicate that di-
aphragm morphology after rupture is an important factor affecting the local flow-field distribution
in high-pressure hydrogen pipelines.
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Table 1. Geometric parameters of DN100 flat rupture disc
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Figure 1. Models of rupture disc at different opening angles
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Figure 2. Grid independence analysis results
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Figure 3. Fluid domain meshing
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Figure 4. Four models axial static pressure cloud map
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Figure 7. Four models velocity distribution curve
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Figure 8. Four models flow field vector diagram
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Figure 9. Four models pathline diagram
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Figure 10. Four models axial mach number cloud map
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