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Prediction of interfacial area concentration based on interpretable neural network
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Abstract [Background] Interfacial area concentration (IAC) is a key parameter of the interface transfer term in the
closed two-fluid model of two-phase flow, which characterizes the strength of the gas-liquid interface transport
capacity. There are usually some methods for modeling and predicting the interface area concentration, such as
empirical correlation formula and interface area transport equation, but these methods have large data dependence.
[Purpose] This study aims to provide direction for model revision and improve the prediction accuracy of IAC by
adding interpretability to the neural network model. [Methods] The prediction model of IAC based on a neural
network was firstly established for better prediction of IAC with two-phase flow. Then, different bubble behavior,

physical relationships, and statistical distribution were combined, and the predictive ability of the neural network
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model with different input feature combinations was compared and analyzed by the post-interpretability method.

Finally, based on the structure parameter size of each layer of the neural network, the appropriate data preprocessing

method was selected by analyzing the output proportion. [Results] The post explanatory analysis show that the

maximum prediction accuracy of the neural network reaches 95.62% when the inputs of the neural network are the

gas superficial velocity (j,), liquid superficial velocity (j;), and void fraction (@). The void fraction is an important

factor in IAC prediction, and logarithmic transformation preprocessing of training data can significantly improve the

model’ s predictive ability for real data. [Conclusions] The results of this study provide reference for future

interpretability research on interface area concentration.

Key words Interfacial area concentration, Two-phase flow, Neural network model, Post interpretability
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Table 1 The parameter range of training data

{E3& Author Ay Year  #IM-FIEE & Datasize  j;/m-s™ Jo/m-s™ 18 H.4% Geometry / mm
Worosz et al.” 2015 9 2 0.18~0.29 50.8

Shen et al."™" 2012 27 0.051~0.31 0.013~0.373 200

Dang"” 2017 15 0.3~1.0 0.2~10 254

Schlegel et al." 2012 16 0.39~1 0.19~3.06 152,203

Wang et al.!"” 2017 10 1.25~2.14 0.08~11 254

Wang et al.""” 2020 24 0.5~2 0.092~5.04 254

Qiao et al." 2017 12 4 0.108~0.284  50.8

Smith et al.™” 2012 9 0.3 0.15~1 152

Smith et al.”" 2012 15 0.05~1.03 0.052~8 102,152
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Table 2 Prediction accuracy of different input feature
combinations
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Table 3 Coefficient index of existing interfacial area

correlation

{E# Author olp A8EL o8 &) By, FREL

olp;index  aindex e,j, j, index
Hibiki, Ishii®” -0.5 0.847 0.070 7(¢)
Millies et al.™ -0.6 0.83 0.4(¢)
Kocamustafaogullari ~ -0.33 0.78 0.22(¢)
et al™
Tabei et al ™ — 0.847  0(¢)
Calderbank"” -0.33 0.775 0.125(j,)
Serizawa, Kataoka”™ — — 0.87 0.2(j;)
Viswanathan™” -0.6 1 -0.085(,)
Akita, Yoshida"” -0.5 1 0.12(j,)
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Table 4 Comparison of mean and variance before and
after logarithmic transformation
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Table 5 Size of neural network training process matrix
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Table 6 Calculated and biased b, values before each layer
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