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Introduction
M’ch the ' technology, mh
electromechanical systems, hybrid data centres and microfluidics, the

advancements in aerospace
miniature size electronic chips in such applications are the need of the
century. The major challenge in microelectronic chips is to eliminate
the generated heat for stable and reliable operation of the devices.
Microchannel heat sinks are efficient method to dissipate heat when
the generated heat flux is more than 120 W/cm?. The pressure drop
and thermal resistance in the microchannel are the important
parameters which determine the efficiency of the microchannel heat
sink. The configuration of the microchannel in terms of thermal
resistance and pressure drop is prior attention to design the
microchannel heat sink. In this study, a converged-diverged (CD)

microchannel heat sink was designed and optimized for the efficient
pressure drop and thermal resistance condition.

Geometrical Modelling
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(a). 3000pm-500um CD Microchannel heat sink
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(b). 2500pm-500um CD Microchannel heat sink
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(c). 2000pm-500um CD Microchannel heat sink
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(d). 1500m-500um CD Microchannel heat sink
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(e). 1000pm-500pum CD Microchannel heat sink
Fig.1 Microchannel Heat sink considered in this study

The configuration of converging-diverging microchannel used in the
present study is as shown in Fig.1. The thermal performance of the
proposed microchannel is compared with two of the basic straight
microchannels of size 3000um and 500um. The material heat sink is
Aluminium (Al 6061). In this study, the constant heat flux applied on

Boundary Conditions

/> Fluid flow is laminar in the computational domain

» All surfaces were non-radiant

» Process of heat transfer was under steady state condition
» Inlet wall is “velocity” while the outlet wall is “environmental pressure”
\ > Heat flux is constant which is 120 W/cm? on top surface of CD Heat sink
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Fig. 2 shows the temperature
distribution in CD Microchannel Heat
sink. In CD microchannel, pressure drop
iIs minimum due to change in velocity in
each unit of CD section. Pressure drop is
minimum  in  3000um-500um CD .
microchannel. Viscous forces in solid-
fluid boundary reduces due to formation
of flow recirculation vortices as in Fig.3. -
At exit furrows, symmetric vortices are
formed despite high mainstream velocity .
flow. These vortices induces hot fluid | g |
from main stream flow to mix and- e
recirculate with cold fluid . )

Fig.2 Temperature distribution
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the surface of microchannel heat sinks. The geometry in computational
domain is subjected to uniform wall conditions and given boundary
onditions. Deionized water is the working (cooling) fluid which enters
the microchannels at 252C and exits at environmental pressure

Computational Method

ﬁonjugate heat transfer module uses NS equations to obtair\
P

ressure drop and Maximum temperature in CD microchannels.
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Conservation of Mass: =+ V- (pV) =0
' . JdT
Conservation of Energy — + V. VT = kV2T + H/pep
Conservation of Momentum: 5y,
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Optimization module uses BOBYQA algorithm to obtain optimum

ermal resistance
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W4 Performance of CD microchannel efficient one.

Conclusion

Innovative converging-diverging microchannel is designed and simulat%
in this study. The thermal resistance was found to be low for
microchannel dimension of 3000um-500um by Optimization module.
Pressure drop is calculated 53% higher than 3mm straight microchannel.
Converging Diverging section in the CD microchannel prompts for non-
nucleated flow and periodic velocity rise which contributes for increased
heat transfer. R, of CD microchannel heat sink is 4.652 K/W which is
superior than straight microchannels. Hence, proposed CD microchannel

%at sink increases the overall thermal performance. /
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