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Abstract: To deeply investigate the flow patterns of gas-liquid two-phase flow in a vertical
annulus, this study develops a multi-scale coupled DBM-VOF solver within the OpenFOAM
framework by integrating the Tomiyama drag and lift models, collision-coalescence model, and
DBM-to-VOF conversion algorithm. Its accuracy and effectiveness are verified through a series of
typical benchmark cases. Using this solver, numerical simulations of gas-liquid two-phase flow in
a vertical annulus are conducted. identifying four typical flow patterns: bubbly flow, cap-bubbly

flow, slug flow, and churn flow, and constructing a gas-liquid two-phase flow pattern map. The
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results indicate that the void fraction curve of bubbly flow exhibits mild fluctuations, and its
probability density function (PDF) curve shows a narrow, steep unimodal structure. The void
fraction curve of cap-bubbly flow fluctuates more significantly, with a unimodal PDF structure
forming a fat tail in the higher void fraction region. The slug flow void fraction curve shows
periodic intense fluctuations, and its PDF curve has a bimodal structure. The void fraction curve
of churn flow displays periodic large-amplitude fluctuations with a mean value significantly higher
than other flow patterns; its PDF curve shows a unimodal peak at high void fractions and forms a
fat tail in the low void fraction region. The established flow pattern map generally agrees with
previous experimental results, but under certain superficial liquid velocities, the transition from
slug flow to churn flow in this study’s map requires a lower superficial gas velocity. This study
provides a new numerical tool for mechanistic studies of gas-liquid two-phase flow in vertical

annuli and offers theoretical support for flow pattern prediction and optimization in related

engineering applications.

Keywords: vertical annulus; gas-liquid two-phase flow; OpenFOAM framework
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patterns under four selected conditions
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