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Abstract

An increase in utility of internet-based services, cloud computing and greater performance
demands due to rising Al and ML applications have led to a steep growth in GPU and CPU thermal
design power. Efficient thermal management of these processors has become a bottleneck in
performance enhancement and corresponding power densification of these components.
Furthermore, increased pressure on data center owners to reduce power demands and move
towards green computing has exacerbated the data center cooling challenges. Single-phase
immersion cooling allows data center owners to not only dissipate the increasing heat fluxes
efficiently but can also potentially improve equipment reliability as the component are no longer
exposed to air, humidity, and airborne contaminants. As a part of thermal design considerations
when moving from air to immersion cooling, using optimized heat sinks designed for immersion
systems plays a key role in obtaining optimal thermal performance from the CPU or GPU
components. An in-depth study of designing such an optimized heat sink is addressed in this
investigation. A baseline heat sink solution for an air-cooled Open Compute server was
numerically optimized using multi-parametric and multi-objective optimizations. The thermal
resistance of the heat sink and pumping power of the system were used as objective functions to
obtain a heat sink design by tandem optimization of the fin parameters using optiSLang. The
optimizations were carried out under both forced and natural convection flow regimes. Also, a
comparison of the difference in optimized geometry of the heat sink was carried out for aluminum
and copper as fin material. The final optimized heat sinks were used to gauge the percentage
improvement in thermal performance and reduction in pumping power as compared to the baseline
simulations that use an air-cooled heat sink.
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