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Abstract

Vapour bubble formation has been attributed as the driving factor behind natural phenomena
such as geyser formation and volcanic eruptions. The explosive failure of pressurised
containers and wear of turbomachinery caused by cavitation bubbles highlight the deleterious
effects of vapour bubbles on industrial processes. On a different note, the high heat fluxes
dissipated from surfaces during bubble formation and growth has seen pool boiling attracting
significant interest in thermal management systems. Understanding the formation and growth
behaviour of vapour bubbles is therefore an important open problem for both scientific and
engineering applications, but a fundamental understanding is still lacking.

Our theoretical understanding of vapour bubble growth is currently restricted to asymptotic
descriptions of their limiting behaviour. While attempts have been made to incorporate both
the inertial and thermal limits into bubble growth models, the early stages of bubble growth
have not been captured. By accounting for both the changing inertial driving force and the
thermal restriction to growth, we present novel inertio-thermal models of both homogeneous
and heterogeneous vapour bubble growth, capable of accurately capturing the evolution of a
bubble from the nano- to the macro-scale.

For homogeneous bubbles, our results show improved agreement with experiments - and our
own molecular simulations - when compared to previous theoretical models. By accounting
for the effect of the surface on both the geometry of the bubble and on the available thermal
energy, we can additionally study the effect of surface wettability on heterogeneous vapour
bubble growth. Using molecular simulations, we investigate not only how the strength of
fluid-solid interaction affects the growth rate, but also how the non-continuum nature of the
fluid under the bubble on hydrophilic surfaces plays a vital role in determining the bubble
shape and subsequent dynamics.
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