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Abstract

Aiming at the liquid accumulation problem in the undulating sections of the Tian-Gao Line Section B
looping pipeline, a high-fidelity process and flow model was established based on actual field param-
eters. By coupling HYSYS phase behavior analysis with the OLGA two-fluid multiphase flow mecha-
nistic model, the computational reliability was verified with an average deviation of 1.26%. Utilizing
this model, the distribution characteristics of liquid accumulation and the influence of key operating
parameters were systematically investigated. The results indicate that under the current operating
conditions, liquid holdup is predominantly governed by topography, concentrating at 19 low-lying
sections with a total volume of approximately 3 m3. Notably, location T15 (14,185 m from the inlet)
exhibits the highest accumulation risk, reaching 0.945 m3. Furthermore, the liquid accumulation vol-
ume is found to decrease with increasing gas flow rate, ambient temperature, and outlet pressure,
whereas itincreases with elevated inlet temperature and ethylene glycol injection rates. Importantly,
these parameter fluctuations do not alter the core topographical distribution of the accumulated liqg-
uid. Mechanistic analysis reveals that these phenomena are primarily driven by shifts in vapor-liquid
phase equilibrium induced by temperature and pressure variations, alongside differences in the in-
terfacial shear stress dictating the gas phase’s liquid-carrying capacity. To provide actionable guid-
ance for on-site liquid unloading, a critical liquid-carrying gas velocity threshold of 4.94 m/s was
determined for the current conditions, and a highly accurate predictive model for liquid accumula-
tion was developed (R? = 0.99). This study elucidates the formation and distribution mechanisms of
liquid holdup in natural gas pipelines, providing a robust theoretical foundation for the dynamic pre-
diction of liquid accumulation and the optimization of pigging operations.
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Table 1. Natural gas composition of Section B of Tian’gao Line
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Hoy BEIRGHE, % Hay BEIR T, %
Gk 83.176 i A 7.04
2k 0.067 A AR 9.24
Pke 0.000 A 0.460
7T ht 0.000 il 0.009
ET % 0.000 ) 0.008
s ke 0.000 A 0.000
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Figure 1. Computational model for medium mixing of Tian’gao Line Section B Double Pipeline
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Figure 2. OLGA computational model for Tian’gao Line Section B Double Pipeline
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Figure 3. Axial pressure and temperature variations and simulation validation for the Tian’gao Line Section B Double
Pipeline
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Figure 4. Liquid holdup along the Tian’gao Line Section B Double Pipeline
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Figure 5. Topographical elevation profile and distribution of fluid accumulation loca-
tions along the Tian’gao Line Section B
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Figure 6. Variation of liquid hold-up distribution and total liquid accumulation with gas flow rate in
Tian’gao Line Section B Double Pipeline
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Figure 7. Variation of liquid hold-up distribution and total liquid accumulation with inlet temperature for Tian’gao Line
Section B Double Pipeline
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Figure 8. Variation of liquid hold-up distribution and total liquid accumulation with ambient temperature for Section
B of Tian’gao Dual Pipeline
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Figure 9. Variation of liquid hold-up distribution and total liquid accumulation with outlet pressure for Section B of
Tian’gao Dual Pipeline
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Figure 10. Variation of liquid hold-up distribution and total liquid accumulation with ethylene glycol
injection rate for Section B of Tian’gao Dual Pipeline
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Figure 11. Pressure drop gradient composition and critical liquid-carrying velocity determination
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Flgure 12. Effects of different factors on critical liquid-carrying velocity for Section B of Tian’gao Dual Pipeline
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