
Heat dissipation from electronic devices is increasingly encountered in the 
range from 100 to 1000 W/cm2 in devices ranging from processors to power 
modules to concentrated solar photovoltaics. In that range, cooling with air is 
increasingly difficult.  Indirect liquid cooling, in which liquid is circulated through 
a small scale heat exchanger or “heat sink” attached to the heat source, is one 
of the most common emerging thermal management solutions. Over the past 
five years, the authors’ research group has experimentally and computationally 
investigated the behavior of a broad class of single and multi-layer single 
pass parallel flow heat sinks, with single phase and two-phase flow of water.  
The experimental devices were fabricated from Silicon Carbide using an 
innovative extrusion free form (EFF) fabrication technique and in copper using 
conventional machining techniques. In this talk, I will discuss the experimental 
techniques used and the data obtained in order to characterize their behavior.  
I will then offer a critical summary of conventional and emerging techniques 
that have been used for modeling the devices.  The conventional techniques 
include uncoupled finite-resistance or finite volume approaches and coupled 
conjugate finite volume approaches.  It will be shown that conjugate effects are 
important, but not overwhelmingly so.  As such, the data from these studies 
was used to support the development of a general modified effectiveness-NTU 
approach that allows the evaluation of these types of heat sinks using well-
accepted heat exchanger methodologies.  The effectiveness-NTU approach 
allows the introduction of scaling principles that help to unify our understanding 
of apparently disparate geometrical heat sink designs, and in particular allow 
the comparison of deterministic machined designs and non-deterministic 
structures such as metallic foams.  Finally, I will discuss a novel porous media 
modeling approach using both one- and two-equation formulations to describe 
the flow and heat transfer in these deterministic heat sinks.  We find that one-
equation formulations that adopt a local thermal equilibrium (LTE) assumption 
are generally inaccurate, but two-equation formulations are accurate and 
robust.  By adopting a porous media modeling approach, the parametric order 
of the problem can be greatly reduced and therefore offers powerful scaling 
principles.  We will show recent results in which the porous media framework 
has been used to investigate the effects of scale variation on the performance 
of this type of heat sink.  We find that scale variation as suggested by 
constructal theory may have some merit in the optimal design of these devices.
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