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Abstract

Modern aircraft and space systems increasingly rely on sophisticated and advanced electronic
systems. As the capabilities of these systems expand, their power consumption—and
consequently, heat generation and thermal shock—have increased significantly. Excessive heat
can lead to electronic system failures and serious consequences for flight safety. Therefore,
designing effective cooling systems is essential. The passive self-cooling system proposed in this
study consists of a rectangular component containing parallel channels divided into active
channels, through which the coolant flows, and passive channels, which contain stagnant fluid.
The channels are interconnected by microthermostats. When the heat flux increases in specific
regions of the component, the passive channels are converted into active channels, thereby
increasing localized cooling. The results showed that cooling increased with increasing heat flux;
therefore, this mechanism is suitable for protecting electronic components under high heat-flux
conditions. Furthermore, the difference between the results of the three-dimensional flow
analysis in this study and those of the two-dimensional flow analyses conducted in previous
studies was negligible, and both produced similar cooling performance. This finding indicates
that simple two-dimensional analytical solutions may be used instead of complex three-
dimensional analytical solutions for flow in ducts.
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