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Abstract

To investigate the erosion effects caused by differential inlet conditions in tee pipes under the “two-
inlet-one-outlet” configuration during natural gas transportation, this study analyzed gas-liquid-
solid three-phase flow in tee pipes using the mixture multiphase flow model and discrete phase
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model (DPM), combined with the E/CRC erosion model. The impacts of inlet velocity differences,
liquid-phase volume fraction variations, and diameter discrepancies between the main and branch
pipes on erosion were systematically examined. The results demonstrate that: Velocity differences
between the main and branch pipes alter flow field dominance patterns, consequently modifying
erosion morphology and rate trends. Liquid-phase volume fraction variations between inlets change
flow velocity in high-speed regions along the lower wall surface. As the branch pipe’s liquid-phase
volume fraction increases, the erosion morphology expands from elliptical to bell-shaped, accom-
panied by increased erosion rates. Diameter discrepancies between pipes affect both flow velocity
in high-speed regions and particle dispersion on the lower wall. With increasing branch pipe diam-
eter, an inverse relationship emerges: expanded erosion areas coincide with reduced erosion rates.
These findings reveal that differential inlet conditions between main and branch pipes significantly
modify flow field distribution in tee pipes, ultimately influencing erosion location, morphology, and
rate characteristics.
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Figure 1. Geometric model of the tee pipe
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Figure 4. Erosion contour map of the tee pipe with a fixed main pipe inlet velocity of 8 m/s and varying branch pipe inlet
velocities
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Figure 5. Flow field characteristics of the tee pipe with a fixed main pipe inlet velocity of 8 m/s and varying branch pipe inlet velocitie
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Figure 6. Variation of maximum erosion rate in the tee pipe with a fixed main pipe inlet velocity of 8 m/s and varying branch

pipe inlet velocities
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Figure 8. Particle impact velocity distribution in the tee pipe with a fixed main pipe inlet velocity of 8 m/s and varying branch
pipe inlet velocities
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Figure 9. Erosion contour map of the tee pipe with a fixed main pipe inlet liquid volume fraction of 6% and varying branch
pipe inlet liquid volume fractions
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Figure 10. Flow field characteristics of the tee pipe with a fixed main pipe inlet liquid volume fraction of 6% and varying branch pipe

inlet liquid volume fractions
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Figure 12. Particle impact angle distribution in the tee pipe with a fixed main pipe inlet liquid volume fraction of 6% and
varying branch pipe inlet liquid volume fractions
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Figure 13. Particle impact velocity distribution in the tee pipe with a fixed main pipe inlet liquid volume fraction of 6% and
varying branch pipe inlet liquid volume fractions
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Figure 14. Erosion cloud diagram of the tee pipe with a fixed main pipe diameter of 100 mm and varying branch pipe diameters
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Figure 15. Flow field characteristics of the tee pipe with a fixed main pipe diameter of 100 mm and varying branch pipe diameters
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Figure 16. Variation of maximum erosion rate in the tee pipe with a fixed main pipe diameter of 100 mm and varying branch

pipe diameters
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Figure 17. Particle impact angle distribution in the tee pipe with a fixed main pipe diameter of 100 mm and varying branch
pipe diameters
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Figure 18. Particle impact velocity distribution in the tee pipe with a fixed main pipe diameter of 100 mm and varying branch
pipe diameters
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