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Abstract: Aiming at the deficiency of the existing single-wavelength method in measuring the phase distribution
parameters of the vertically rising gas-liquid two-phase bubble flow in a small channel, a dual-wavelength method is
proposed. Based on the principle of geometric optics, the light intensity distribution of dual-wavelength laser
passing through gas-liquid-two-phase-flow is calculated, and the characteristics of light intensity distribution of dual-
wavelength laser are extracted. An identification model of bubble flow phase distribution parameters based on the
dual-wavelength measurement theory is established. Trace Pro is used to simulate 445 nm and 635 nm laser
passing through bubbles with different phase distribution parameters, and then the features of the dual-wavelength
light intensity distribution curves can be extracted. The characteristic quantity data set of simulation is used to train
the neural network. The trained neural network is used to predict the phase distribution parameters of bubble flow in

WisEER: 2022-01-15; WEMEKFSHER: 2022-04-27
ESWE: ERARRFILE I (52076200, 51874264)
*@E1EH: fLU, mkong@cjlu.edu.cn,

KA B 5©2022 i ERLF Bt A AR TS i

2104371


mailto: mkong@cjlu.edu.cn
https://doi.org/10.12086/oee.2022.210437

g s S TR, 2022, 49(6): 210437

https://doi.org/10.12086/0ee.2022.210437

the experiment. The simulation results show that the average absolute errors of the model for predicting the bubble

center position and radius are 0.018 mm and 0.007 mm respectively, which are better than the single-wavelength

method, which proves the effectiveness and accuracy of the model. The bubble flow was measured on the

experimental platform, and the three-dimensional diagram of bubble flow was reconstructed.
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Fig. 1 Experimental system of gas-liquid two-phase flow
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Fig. 3 Schematic diagram of ray tracing when there are bubbles in the pipe section
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Table 1 Comparison of accuracy of single-wavelength and dual-wavelength prediction results

Single wavelength

Dual-wavelength

Mean absolute Mean square

Probability within + 5%

Mean absolute Mean square  Probability within + 5%

error &/mm error o/mm error ys/% error e/mm error o/mm error ys/%
Bubble center x
. 0.0287 0.0017 0.7556 0.0186 0.0011 0.8895
coordinate
Bubble center y
. 0.0276 0.0019 0.7950 0.0179 0.0009 0.8611
coordinate
Bubble size r 0.0100 0.0004 0.8425 0.0071 0.0003 0.8989
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Research on dual-wavelength measurement
model for bubble flow detection

Cao Ming', Kong Ming"", Liu Ruolin', Shan Liang”

Dual wavelength detection
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Dual wavelength measurement model for bubble flow

Overview: Gas-liquid two-phase flow is widely used in the industrial field, and one of the typical flow patterns is
bubble flow. Therefore, measuring the bubble flow phase distribution parameters is of great significance for studying the
characteristics of two-phase flow and industrial production. Optical technology is widely used in small-channel gas-
liquid two-phase flow detection, and it can be divided into invasive and non-invasive. Invasive optical detection
methods will affect the characteristics of gas-liquid two-phase flow to a certain extent, so non-invasive measurement is
an important research direction of optical technology. Some scholars have proposed a method of measuring phase
distribution based on the characteristics of single-wavelength light intensity distribution, but the established model is
only suitable for the horizontal pipeline, and the resulting error is large. To solve this problem, a dual-wavelength
measurement model of bubble flow phase distribution parameters is proposed in this paper, to obtain more optical
signal characteristics of laser passing through bubble flow in small channels and reduce the measurement error of phase
distribution parameters. The phase distribution and parameter distribution of vertically rising gas-liquid two-phase
bubble flow in a small channel are measured and studied by the dual-wavelength transmission method. The light
intensity distribution of dual-wavelength laser passing through gas-liquid two-phase flow is calculated based on the
principle of the geometric optics, and then the characteristic quantity of dual-wavelength light intensity distribution is
extracted. An identification model of bubble flow phase distribution parameters based on the (i,ual-wavelength
measurement theory is established. Trace Pro is used to trace the refraction trajectories of 445 nm and 635 nm laser
passing through the pipe section containing bubbles with different phase distribution parameters, and the
corresponding light intensity distribution curves are obtained. The key features of the corresponding double wavelength
light intensity distribution curves are studied, and three kinds of characteristic parameters are extracted: missing part
length, missing part offset, and double wavelength interval length. The neural network is trained by using the simulated
feature data set, and the trained neural network is used to predict the phase distribution parameters of bubble flow in the
experiment. The simulation results show that the prediction results are in good agreement with the simulation data, and
the relative error is within + 5%. The average absolute errors of the established model for the prediction of bubble center
Eosition and radius are 0.018 mm and 0.007 mm respectively. The results show that the dual-wavelength method has

igher accuracy and is more suitable for the measurement of gas-liquid two-phase flow. Finally, a dual-wavelength gas-
liquid two-phase flow measurement system is built. The bubble flow in the small vertical rising channel with the small
gas flow is measured by using a dual-wavelength laser light source. The bubble flow is obtained by injecting gas into the
stagnant liquid column. The experimental research is carried out, and the bubble sizes distribution curve is counted. In
general, the dual-wavelength measurement method provides good results and is an alternative method for the
measurement of bubble phase distribution parameters. This technology is helpful to measure and monitor bubble flow

parameters online.
Cao M, Kong M, Liu R L, et al. Research on dual-wavelength measurement model for bubble flow detection[J]. Opto-
Electron Eng, 2022, 49(6): 210437; DOI: 10.12086/0ee.2022.210437
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