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Numerical simulation of flow pattern characteristics of gas-liquid

two-phase flow in vertical rising pipes
YU Qianggiang » SHI Honghui » DONG Ruoling » PENG Shuangshuang
(Faculty of Mechanical Engineering &. Automation, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to study the flow pattern characteristics of gas-liquid two-phase flow in a vertical
rising pipe, the Fluent software was used to simulate the gas-liquid two-phase flow in a vertical pipe with
gas phase apparent velocity of 0. 480—10. 105 m/s, liquid phase apparent velocity of 0. 089 —1. 065 m/s
and pipe diameter of 20. 0 mm. Through the comparison between the numerical simulation results with the
corresponding experimental results, it was found that the main flow patterns in the vertical rising tube
with inner diameter of 20. 0 mm were bubble flow, slug flow, agitated flow and annular flow, which were
consistent with the experimental results. By comparing the flow pattern regions represented by the
numerical simulation data points of 20. 0 mm diameter pipe with the flow pattern regions of 31. 2 mm pipe
drawn by Hewitt and Roberts, it was found that most of the flow pattern regions coincided and the
boundaries of a small number of distributary patterns were different. For the vertical circular pipe with
31.2 mm diameter, compared with the vertical circular pipe with 20. 0 mm diameter, the liquid phase

apparent velocity required by the bubble flow and slug flow boundary decreased, and when the liquid phase
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apparent velocity was relatively low, the gas phase apparent velocity required by the slug flow and agitated

flow pattern boundary increased. The void fraction of the cross section remained stable when the flow

pattern was bubble flow, and when the cross section was slug flow, agitated flow and annular flow, the

void fraction of the central section of the pipe was relatively high, the center of the pipe shifted to the walls

on both sides, and the void fraction value showed a decreasing trend. In this paper, the gas-liquid two-

phase flow in the pipe can be accurately simulated by combining the VOSET method and the PISO

algorithm, thus providing a research idea for exploring the flow pattern characteristics of gas-liquid two-

phase flow in a vertical rising pipe.

Key words: vertical rising pipe; gas-liquid two-phase flow; numerical simulation; flow pattern; pipe

diameter; cross-section void fraction
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