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Abstract

To accurately quantify key parameters of gas-liquid two-phase flow (liquid holdup, liquid/gas flow
rates) and address insufficient calculation accuracy under different flow patterns and working con-
ditions, four types of liquid holdup calculation methods and four types of flow rate calculation models
are connected. Based on multimodal electrical resistance tomography (ERT1/ERT2) and electrical
capacitance tomography (ECT) systems, a calibration experiment was conducted under horizontal
flow conditions. Through a multidimensional analysis framework including data heatmaps, method
comparison, time-series analysis, probability density distribution, Gaussian mixture modelling, and
quality assessment radar charts, the applicability of different calculation methods and the charac-
teristics of individual systems were systematically validated. The results show that the ERT1 system
exhibits the best stability (coefficient of variation 23.3%), and the Otsu threshold method achieves
the highest consistency across the three systems (77.6% * 19.8%) with an average error < 6%. The
ECT system is sensitive to gas-liquid interfaces and is suitable for flow pattern identification (two-
component distribution verifies thick liquid film characteristics). ERT1 provides the best quantita-
tive calculation accuracy (error * 2%). Multi-system fusion can compensate for sensing blind spots,
reducing the comprehensive error from +12.6% to +5%. Among the four types of flow rate calcula-
tion models, the modified model delivers the highest accuracy (error * 2%) and is suitable for in-
dustrial scenarios with temperature and pressure fluctuations. This study provides theoretical
methods and experimental evidence for accurate online measurement of gas-liquid two-phase flow
parameters.
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Table 2. Comparison of flow calculation methods [17]
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Figure 1. Single-system liquid holdup analysis of ERT1, ECT, and ERT2—Data heatmap
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Figure 2. Analysis of liquid holdup in single systems of ERT1, ECT, and ERT2—comparison of calculation results for differ-

ent liquid holdups
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Figure 3. Analysis of liquid holdup in single systems ERT1, ECT, and ERT2—comparison of liquid holdup changes with time

steps
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Figure 4. Analysis of liquid holdup in single systems of ERT1, ECT, and ERT2—probability density distribution of liquid
holdup
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Figure 5. Analysis of liquid holdup in single systems ERT1, ECT, and ERT2—time change rate of liquid holdup
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Figure 6. Analysis of liquid holdup in single systems of ERT1, ECT, and ERT2—consistency of calculation results for differ-
ent liquid holdups
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Figure 7. Analysis of liquid holdup in single systems of ERT1, ECT, and ERT2—average calculation error of liquid holdup
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