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Abstract: To deeply investigate the gas-liquid two-phase flow characteristics in vertical annuli, a DBM-
VOF multiscale coupled solver is developed within the OpenFOAM framework by integrating the
Tomiyama drag and lift models, collision-coalescence model, and DBM-to-VOF conversion algorithm.
The accuracy and effectiveness of the solver are validated through a series of benchmark cases. Based

on this solver, numerical simulations of gas-liquid two-phase flow in a vertical annulus are conducted,
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identifying four typical flow patterns: bubbly flow, cap-bubbly flow, slug flow, and churn flow, and a
gas-liquid two-phase flow pattern map is constructed. Results reveal that the gas fraction evolution
curve for bubbly flow exhibits smooth fluctuations, with its PDF curve showing a narrow and steep
single-peak structure. For cap-bubbly flow, the gas fraction evolution curve fluctuates more
significantly, with its PDF curve presenting a single-peak structure and a wide tail in higher gas fraction
regions. The gas fraction evolution curve for slug flow displays periodic and intense fluctuations, with
its PDF curve exhibiting a double-peak structure. In the case of churn flow, the gas fraction evolution
curve shows periodic large-amplitude fluctuations, with its mean value significantly higher than other
flow patterns, and its PDF curve featuring a single peak in high gas fraction regions and a wide tail in
low gas fraction regions. The constructed flow pattern map aligns well with previous experimental
results, but under certain superficial liquid velocities, the transition from slug to churn flows occurs at a
lower superficial gas velocity. This research provides a novel numerical tool for understanding the

mechanisms of gas-liquid two-phase flow in vertical annuli and offers theoretical support for flow

pattern prediction and optimization in related engineering applications.
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