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Flow State Monitoring of Gas-liquid Two-phase Flow Using Multiple

Dynamic Kernel Principle Component Analysis

DONG Feng' LI Zhao' LI Ling-Han' ZHANG Shu-Mei'

Abstract As a non-stationary process, the gas-liquid two-phase flow has characteristics such as time-variation,
nonlinearity and randomness in complex flow processes. Online state monitoring of gas-liquid two-phase flow is not
only beneficial to master the generation, development and transformation of flow process but also helpful for the
safe and stable operation of actual production. Particularly, the transition process reflects the development and
evolution of flow states and its flow structure is highly complex. On the basis of test data obtained by multiple
sensors, a method based on multiple dynamic kernel principal component analysis is proposed for monitoring three
typical flow states and transitions. The method extracts the dynamic characteristics of the test data obtained in the
flow process by dynamic self-correlation and cross-correlation methods, and captures the nonlinear characteristics by
kernel-based method, respectively. Combined with principal component analysis, multiple monitoring models of
three typical flow states are established, which are utilized to identify different typical flow states and realize trans-
itions monitoring further. The accuracy of identifying typical flow states and efficacy of monitoring transitions in
the proposed method are demonstrated by processing the measured data of the horizontal flow loop of gas-liquid
two-phase flow experimental facility.
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