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Abstract: The dynamic behaviors of gas—liquid two—phase flow in coiled tubing directly affect gas well pro-
duction performance. However, existing studies are mostly limited to static flow—pattern descriptions under single
operating conditions, failing to capture the internal unsteady fluctuation characteristics or reveal the continuous
evolution process and transition mechanisms between different flow patterns. In this study, the gas—liquid two—
phase flow in coiled tubing was simulated using Fluent software. The dynamic evolution characteristics of flow pat-
terns were analyzed through time—domain liquid holdup signals, probability density function (PDF) curves, and
cross—sectional contours, and the accuracies of commonly used engineering models in flow—pattern identification
and liquid holdup calculation were compared. The results indicate that slug flow exhibits sawtooth—shaped holdup
fluctuations and bimodal PDF distributions, reflecting the periodic alternation of Taylor bubbles and liquid slugs.
Churn flow shows stronger randomness of liquid holdup signals, with the PDF curve transitioning to a unimodal dis-

tribution and declining to zero at a holdup of 1. 0, indicating the disappearance of stable liquid slugs. Annular flow
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demonstrates reduced fluctuation amplitude of liquid holdup, with the PDF curve presenting a sharp and narrow

unimodal, right tailing pattern, corresponding to the formation of a continuous gas core and an uneven liquid film

on the pipe wall, along with droplet entrainment - deposition cycles induced by disturbance waves. Model compari-

son results show that the Govier—Aziz—Fogarasi model exhibits the best overall performance, with accurate identifi-

cation of pseudo—slug flow and the holdup calculation errors generally below 20%. The Beggs—Brill model accu-

rately identifies intermittent flow at low gas rates but exhibits errors exceeding 20% under some conditions. The

Mukherjee—Brill model tends to misclassify churn flow as annular flow at low gas rates, with overall overestimated

holdup calculations. These findings provide a theoretical basis for on—site flow—pattern recognition, liquid holdup

estimation, and gas—lift injection rate optimization.

Keywords: coiled tubing; gas-liquid two—phase flow; numerical simulation; dynamic evolution; liquid

holdup; model validation ; flow—pattern identification
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