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Abstract

To address the challenges in predicting wellbore pressure and microscopic droplet behavior for
liquid loading diagnosis in gas wells, a numerical simulation method based on macro-micro one-
way coupling is proposed. An improved Hagedorn-Brown (HB) model, incorporating the acceler-
ation pressure drop term and arithmetic mean viscosity, is adopted to calculate the macroscopic
flow parameters of gas-liquid two-phase flow in vertical wellbores. Furthermore, based on the
Hinze turbulence breakup theory and the Saffman turbulence collision-coalescence theory, a dy-
namics model for droplet breakup and coalescence distributed along the wellbore depth is estab-
lished. The accuracy of the pressure prediction model is validated using experimental data from
the literature, with relative errors controlled within 3%. Parameter sensitivity analysis indicates
thatincreasing the tubing diameter leads to a non-linear surge in productivity, which significantly
enhances the turbulence intensity of the fluid and consequently causes a decreasing trend in the
average droplet diameter. Conversely, increasing wellbore wall roughness limits productivity; the
effect of weakened turbulent dissipation caused by reduced flow velocity outweighs the turbu-
lence enhancement effect brought by increased roughness, resulting in an increasing trend in drop-
let diameter. Additionally, elevated wellhead back pressure induces a dual effect of “back-pressure
constraint” and “gas compression”, causing a substantial drop in flow velocity and a significant
increase in droplet diameter. This study elucidates the physical mechanism by which macroscopic
operating conditions regulate the shear strength of the microscopic flow field by altering gas pro-
duction capacity.
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Figure 1. Relationship curves of simulated droplet diameter and theoretical critical droplet diameter versus well depth
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Figure 2. Relationship curves between wellbore inner diameter and macroscopic productivity
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Figure 3. Relationship curves between wellbore inner diameter and droplet diameter
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