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Abstract
This work conceptualizes heat sinks employing wavy/sinusoidal microchannels embedded with
pin fins and subsequently analyzes their performance in terms of thermal resistance, pressure
drop, maximum chip temperature, and the associated pumping power due to the pressure drop.
The conceptualized wavy microchannel heat sink (MCHS) is mathematically modeled using a
combination of governing equations including energy equations, continuity equation, and
Navier-Stokes equations. The performance of the wavy microchannel heat sink embedded with
pin fins is evaluated based on a parametric study covering multiple parameters; microchannel’s
amplitude, frequency, hydraulic diameter, pin fins’ diameter, and location, and Reynolds
number. The different mathematical models are solved numerically using computational fluid
dynamics (CFD) techniques applying the different operating and geometric parameters. The
performance of the wavy MCHS is also compared to the performance of other designs (straight,
straight embedded with pin fins, and wavy microchannel heatsinks). The performance of
selected cases of the studied wavy MCHS is investigated experimentally and compared with
the simulation results to validate the results and obtain a better understanding of the actual
performance of these designs. The performance of the wavy MCHS compared to the straight
and straight microchannel embedded with pin fins heat sinks shows less thermal resistance for
the wavy MCHS at the same operating parameters. Introducing pin fins to the wavy
microchannel enhances the thermohydraulic performance achieving less thermal resistance but
with a cost of an increase in pressure drop. Increasing both amplitude and frequency shows
improvement in the thermohydraulic performance but also with a cost of an increase in pressure
drop. The pressure drop associated with increasing the pin fins diameter happens to increase
the pressure more significantly than the other geometric parameters. On the other hand,
increasing the hydraulic diameter shows good improvement in the thermohydraulic
performance, reducing thermal resistance and pressure drop. This work conceptualizes and
analyzes a new heat sink configuration by using a wavy design embedded with pin-fins.

Keywords: Liquid cooling, heat sink, sinusoidal microchannel, wavy microchannel, pin fins,
thermal resistance, pressure drop.

2

