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Introduction
• Subcooled boiling flow have become challenging issues in

safety analysis of water-cooled nuclear power reactors.

• Thermal-hydraulic system codes and Computational Fluid
Dynamic (CFD) solvers are promising tools. However, it
requires a lot of correlations with uncertainties of model
parameter and model forms.

• The Artificial Neural Network (ANN) is a powerful machine
learning tool.

• This study investigates the performance and applicability of
the ANN-based model and the empirical correlations for
void fraction prediction.
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Introduction
• Experiment data of void fraction axial-distribution performed

by previous studies in vertical channels were used to assess
the correctness accuracy of typical empirical correlations and
the ANN-based model.

• Database including 308 cases with a total of 2016 data points.
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Predictive method using empirical correlations

Schematic of Void Fraction evolution in Subcooled flow boiling (Cai et al, 2021)
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Predictive method using empirical correlations
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Corelations of NVG point
• NVG point: the location where there is a high probability of

bubble leaving the wall, leading to an increase in significant
of void fraction parameter.
• Saha & Zuber (1974)
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Correlations of Void Fraction
• Homogenerous flow model:
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Predictive method using ANN-based 
model

Input 
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Structure of ANN-based model with multilayer feedforward net

Database 
(2016 data points)

ü 70% for training
ü 10% for validation
ü 20% for testing

ü Initialized: Nguyen-Widrow method
ü Trained:Levenberg-Marquardt algorithm

with early stopping
ü Optimised: Genetic Algorithm
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Results and Discussion

Predicted results are compared with experiment data through
• Mean Absolute Error (MAE):
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Results and Discussion

Mean absolute errors of 8 empirical correlation models and 
ANN-based model against experimental data
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Results and Discussion
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Results and Discussion

Work Efficiently in 
the low pressure 

range (1-10 bar) and 
inlet subcooling 
range 10-30 K

ANN-based model
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Conclusions

• Investigation different empirical correlations to
predict void fraction of subcooled boiling flow.
• Proposes the data-driven model based on ANN,
which provides better predictive performance the
empirical correlations.
• This study is the first step to build the ANN-based
model to replace mathematical models
implemented in CFD codes.
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