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Abstract:Abstract:
Two-phase immersion cooling is promising for passive, power-dense thermal management of
electronics to address the challenges associated with rapid increases in thermal design power for AI
computing applications. However, the required dielectric coolants have boiling performance and
heat flux dissipation limitations that require use of boiling surface enhancements to meet these
goals. Our recent research efforts in the Cooling Technologies Research Center (CTRC) at Purdue
University have explored various routes for boiling enhancement, from microstructured surfaces that
aim to enhance liquid delivery to the surface, to physicochemical modifications that tune the fluid-
surface interactions to aid in bubble nucleation and departure. Nevertheless, the longstanding
approach of using heat sinks with extended fins has the potential to most substantially increase the
heat dissipation during two-phase immersion cooling, especially if deployed in conjunction with the
aforementioned surface enhancements. However, predicting pool boiling from a heat sink is
challenging due to multiple boiling regimes that can occur at different locations along the fin height.
One recent breakthrough in our research has been to demonstrate an approach predicting two-
phase immersion heat sink performance by applying superheat-dependent heat transfer coefficient
within a fin analysis. Our approach also uniquely considers interaction between the vapor and fins,
such that the predictions are valid at characteristic dimensions both below and above the capillary
length scale, which has been shown key to achieving experimental validation. This modeling
approach has been recently coupled with a topology optimization algorithm that optimizes the
geometry of a two-phase immersion heat sink to minimize thermal resistance, while implicitly
considering critical heat flux limitations, providing a first-of-its-kind design tool for two-phase
immersion heat sinks. 
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