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Abstract

Phase change materials (PCMs) are attractive solutions for energy storage and thermal management in numerous
applications. Space missions, which generally operate in weightless environments, represent a special area of application
where PCMs can be used as part of active or passive systems. However, common organic PCMs have low thermal
conductivity, which results in a slow heat transfer rate, and, together with problems of high pressure from volume changes
and the inconvenient formation of bubbles (voids) during melting, this has discouraged their wider use. Recently, various
studies have suggested that, if the PCM device incorporates a free surface, the temperature distribution inherent to its
operation will drive thermocapillary convection in the liquid phase and thereby substantially improve the rate of heat
transfer and overall PCM efficiency. Simultaneously, the presence of a gas layer helps alleviate the problems associated
with thermal expansion. Following the pioneering parabolic flight experiments of Ezquerro et al. [1, 2], a series of
investigations have analyzed the thermocapillary-driven melting of PCMs in rectangular domains [3, 4]. Although there
is a significant overall positive effect of thermocapillary flow on the heat transfer rate, the phase change process also
includes a final stage that is dominated by conduction, where the PCM near the cold boundary melts slowly. This final
stage sets a certain lower bound on the melting time and reduces the overall PCM performance. In the recent work of Ref.
[5], the use of trapezoidal and triangular containers created by inclining the cold boundary was proposed to accelerate the
melting process. It was shown that, compared to the rectangular case, the total melting time can be reduced by a factor of
3 in the limiting configuration of a right triangle. In this work, we extend these efforts and propose a novel type of triangle-
like container with a curve in place of the hypotenuse. We define this curved boundary using a third-order polynomial
that preserves the total PCM volume. Results indicate that this modified geometry can further accelerate melting, with an
optimal additional improvement factor of 1.2 observed in short containers.
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