Adaptive Liquid Cooling Methods in Microchannel Heatsinks
Jaakko McEvoy (jmcevoy@tcd.ie), Tim Persoons
Department of Mechanical and Manufacturing Engineering
Trinity College Dublin

INTRODUCTION

RESULTS

Data center (DC) sector fastest growing energy
consumer in the world. Estimated to consume
2.5% of total global electricity demand. Growing at
+11% per annum. Outdated air cooling systems are
responsible for up to 30% of total energy demand
in DCs. The challenge for the future is to achieve
this cooling with an elegant solution, which allows
for the removal of the waste heat in a high grade
state ready for use in other processes while
maintaining
component
temperatures
in
acceptable limits.

Pulsatile flow using sinusoidal and non-sinusoidal waveforms on velocity and pressure drops were
investigated for a mean Reynolds number of 149, and Womersley numbers of 1.0, 2.2, 4.1 and 5.0
( f = 1.00, 5.00, 16.55 and 25.00Hz). All µ-PIV measurements were taken in a region of fully
developed flow in the central channel far downstream of the entrance. Four waveforms were
studied ( 2 symmetric and 2 asymmetric) shown in figure 3.
From Reynolds decomposition; 𝑈 = 𝑢 + 𝑢𝑓 ,
we can analyse the steady and fluctuating
velocity component separately. Due to the
Figure 3: Waveforms studied
pulsatile nature of the flow velocity measurements needed to be taken at multiple time steps
over one cycle. The velocity profiles for a selected number of steps are shown below.

Objectives

• The sharp up/down-stroke in both
asymmetric functions (F(-1) and F(1))
oscillations causes a rapid shift in the flow
velocity, where inertial forces prevail for a
brief period.
• At the wall the viscous stresses retard the
fluid momentum and switch rapidly with
varying pressure gradients, resulting in the
over/undershoots visible in figure 4 and 7.
• As the excitation frequency is increased, the
effect of the rapidly accelerating and
decelerating flow can clearly be seen to
increase with the waveforms.
• Increased fluctuations and higher wall shear
stresses can be equated to enhanced heat
transfer

Manufacture and test thermally adaptive Nitinol
micro-structures that can be embedded into
rectangular mesochannels.
Use µ-PIV to study microfluidic phenomenon in
adaptive channel geometries.
Using flow pulsation with varying waveform
shapes and frequency ranges enhanced mixing can
be achieved in the mesochannels through chaotic
advection.

METHODOLOGY
The experimental setup consist of an inverted epifluorescent microscope and Photron SA1.1
highspeed camera for nonintrusive flow
visualisation at the microscale through LaVision
DaVis 10 software.

Figure 4: Phase averaged fluctuating velocity profiles
– For 𝐹1 the impulse stroke results in
increased velocity and velocity fluctuations
𝐹1 in flow direction (increased pressure drop)
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Figure 5: Pressure over 2 oscillations

Flow

– For 𝐹−1 the impulse stroke results in increased velocity and
velocity fluctuations in opposing direction to flow (reduction in
pressure drop)

Figure 1: Experimental flow loop

Flow rate is measured by a Bronkhorst M15
Coriolis mass flow meter and pressure drop is also
measured continuously across the microchannel.
For pulsatile flow tests, an in inhouse built
pulsator consisting of a Noliac piezoceramic disc is
used to generate high frequency pulsation with
variable waveforms. The flow loop is controlled
through a LabView control programme.
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Figure 2: Experimental test section
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Figure 6: FFT analysis of F1 waveform

• FFT analysis of pressure data
displayed high order fluctuations
when asymmetric waveforms are
used.
• This higher order is associated
with resonant frequency of the
system
• Future work will look at resonant
frequency excitation in wavy
walled channels, with an aim to
achieve chaotic advection at low
Reynolds numbers.

CONCLUSIONS

Figure 7: Fluctuating velocity component 𝑢𝑓 over 1 cycle

The effect of varying the excitation waveform in flow pulsation has been shown to significantly increase
the fluctuating velocity amplitudes, wall shear stresses and therefore offer possible enhanced heat
transfer while reducing pressure drops across mesochannel heat sinks. Further investigation of resonant
frequencies and thermally adaptive structures may offer further cooling control with an aim towards high
grade thermal energy recuperation in data centres.
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