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Abstract

Microchannel flows find immense applications in a wide spectrum of flow and thermal systems, from micro
compact heat exchangers to micro-reactors and Lab-on-Chip systems. Among the wide variety of
microchannel systems, parallel microchannel heat exchangers are of extreme importance in modern micro-
cooling systems, ranging from processor chips to pulsing femto-second LASERs. One of the foremost aspects
that hinder the cooling performance of a parallel microchannel heat exchanger is the flow and thermal
maldistribution induced. For a critical analysis and optimization of the system, pressure drop and thermal
transport across each channel must be evaluated. The established maldistribution quantification parameters
are based on the flow maldistribution due to fluid inertia and due to friction loss within the manifolds
respectively. However, these models are found to be accurate only in the case of macrochannels of
conventional heat exchangers. In the microchannel regime, both momentum and frictional losses become
dominant factors in governing flow distribution. As a result, precise mathematical models, aided with accurate
experimental and numerical investigations into the phenomenon of flow maldistribution in parallel
microchannels are the need of the hour.

Parallel microchannel systems have been fabricated onto Silicon wafers using MEMS technology so as to
mimic modern micro-processors. The complete study focusses on in-house cooling of the processor chip using
fluid coolants. The factors affecting the phenomenon of maldistribution have been quantitatively identified and
the effect of the hydraulic diameter has been investigated. The effects of different channel geometries and
flow configurations on maldistribution have been studied. Experimental thermal analysis is carried out to
understand the consequences of flow maldistribution on the temperature profile of the heater and the hot-
spot temperatures. For conclusive closure to the study, an optimization strategy has been devised to predict
the optimal microchannel system in terms of minimal flow and temperature maldistribution, minimum hot-
spot temperature and maximum heat transfer per unit pumping power. The complete study of the problem at
hand provides interesting and novel findings in the area of microchannel heat exchanger systems and its
applications in the electronic industry.
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