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Subcooled flow boiling can transfer heat, which is used in heat
rejection systems in many industrial applications such as
microprocessors, internal combustion engines, and power plant
industries. In addition, due to subcooled flow boiling’s significant heat
dissipation potential, it is mostly used in cooling systems such as air
conditioning and electronic component coolers. In the present study,
subcooled flow boiling in a pipe was investigated using axisymmetric
numerical simulation based on the Euler-Euler. The values of thermal
parameters (local and average heat transfer coefficient, local steam
volume fraction, and average and local wall temperature) under
different boundary conditions (pressure, subcooled temperature,
mass flux, heat flux, and inlet length) for pure water were investigated.
Although numerical approaches give a complete insight into the flow
pattern and thermal characteristics, the simulation of complex
multiphase flows requires high computational resources and is very
time-consuming. In conclusion, a deep learning approach based on
artificial neural networks to predict the mentioned parameters in
pure water was presented. The results of the prediction models
showed that these models can accurately predict the objective
functions with an average absolute error of less than 2.5% and a
coefficient of determination greater than 0.9.
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EXTENDED ABSTRACT

Introduction

The use of more and more miniaturized electronic devices has created a new challenge
for the cooling process of these devices. The conventional methods of cooling do not work
on modern gadgets, so more research is devoted to finding new approaches to dissipate the
significant heat generated by these devices. One remedy to this problem is employing two-
phase flows since they have a high capability of heat dissipation. Multiphase flows benefit
from high latent heat, so they could outperform the conventional methods of heat transfer.
Subcooled flow boiling is a form of these flows that have been widely used in industrial
applications. Subcooled flow boiling of pure water refers to a heat transfer process in which
water flows through a heated surface at a temperature below its saturation point. This
phenomenon occurs when the liquid is heated to a temperature higher than its boiling point
but still remains in aliquid phase due to applied external pressure, such as in a power plant's
pressurized water reactor. It is a widely researched topic that has received considerable
attention from scientists and engineers due to its practical significance in various industrial
and engineering applications. Subcooled flow boiling is known for its high heat transfer
rates compared to other cooling methods, making it an effective means of dissipating
thermal energy from high-heat flux surfaces. Heat transfer in subcooled flow boiling occurs
in two stages: nucleate boiling and convective boiling. During nucleate boiling, bubbles are
formed on the heated surface due to localized superheating. The bubbles can either remain
attached to the surface and grow in size to eventually detach or merge with other bubbles,
leading to clumping or coalescence. Convective boiling occurs as the liquid flows over the
heated surface and absorbs the heat from the bubbles formed during nucleate boiling. The
heated liquid then rises to the surface and releases the heat into the surroundings. In the
present study, subcooled flow boiling in a pipe was investigated using axisymmetric
numerical simulation based on the Euler-Euler. The values of thermal parameters (local and
average heat transfer coefficient, local steam volume fraction, and local and average wall
temperature) under different boundary conditions (pressure, subcooled temperature, mass
flux, heat flux, and inlet length) for pure water were investigated.

Methodology

The Euler-Euler method is a two-fluid model used to simulate the subcooled flow boiling
of water. In this method, the flow is divided into two phases: liquid and vapor. The method
solves the conservation equations separately for each phase, considering their interphase
mass, momentum, energy, and species exchange. Hyperparameter tuning was used to
optimize artificial neural networks. The mean absolute error and coefficient of
determination were used for the model evaluation. The model was fully validated with the
experimental results. The grid independency was carried out on the simulations. The
geometry of the problem was as follows:
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Figure 1. The geometry of the study

Results and discussion

The results were presented in two different sections, one of which was the numerical
simulation results, and the other showed the predictive models. The results revealed wall
temperature was augmented by incrementing the heat flux and pressure. However,
increasing the subcooled temperature and mass flux led to a decrease in the wall
temperature. Regarding the vapor volume fraction, the increase in the pressure inversely
affected this parameter, but greater vapor generation was observed by augmenting the heat
flux. The increase in mass flux also caused a drop in the vapor volume fraction. However,
the most significant effect was the variation in subcooled temperature. By increasing the
subcooled temperature, the beginning of the bubble generation was delayed. In addition,
the amount of vapor generation was alleviated. The results of the predictive models were
very accurate, and considering the computational costs, the ANN models are far more cost-
effective when compared to the numerical simulations.

Conclusion

Water boiling in three dimensions was simulated using the Euler-Euler method. 408
cases were generated by altering the boundary conditions of the problem. This generated a
wide range of data for the results. The numerical results obtained from the analysis were
utilized to generate predictive models. In order to optimize the predictions, all the
contributing factors in the ANN model was adjusted carefully. When the models were
trained well, the datasets were used for evaluating their performance. The extraordinary
capabilities of the machine learning models to understand such complicated flows has made
them very popular. Although multiphase flows inherently have very complex flow patterns,
the ANN models were able to fully understand the variations. The computational costs of
the simulations and machine learning-based predictive models were compared. The results
showed that using ANN models is far better in terms of accuracy and computational cost.
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