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Extended Abstract

Capturing the phenomenological aspects underlying complex heat transfer processes, such as boiling and condensation,
presents significant challenges. Traditional modelling approaches that rely on the detailed description of the physics of these
process often fall short in accurately predicting heat transfer quantities, such as convective heat transfer coefficients and
pressure drops, even when supplied with reliable experimental data.

Acrtificial Intelligence (Al) offers a promising solution to these challenges by leveraging advanced algorithms capable
of identifying non-obvious correlations in large datasets. Al can also predict key system parameters, even in cases where the
underlying physics is not fully understood. For example, machine learning models have been trained on experimental data
to predict flow patten maps [1] and heat transfer coefficients in single [2] and two-phase flows [3, 4], often providing a level
of accuracy that empirical and semi-empirical models struggle to achieve.

However, while Al presents significant potential, it is not without limitations. In cases where data is scarce or unreliable,
Al models may fail to produce reliable predictions. Additionally, as shown in previous work [4], there is a risk of overfitting
the training data, making extrapolation beyond experimental data unreliable. Moreover, the black-box nature of many Al
algorithms makes it difficult to interpret the results and understand the physical phenomena underlying the predictions.

In this Keynote, we will explore the role of Al in addressing these challenges, with specific examples from pulsating
heat pipes, condensation in micro-fin tubes and flow boiling in micro-channels. We will discuss both the current capabilities
of Al methods and their limitations, while highlighting their potential to revolutionize the heat transfer industry by enhancing
the predictive accuracy and facilitating the development of novel systems.
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