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Abstract

In this study, the influence of laminar forced convective heat transfer
using aluminum oxide-water (AlLOs/water) and copper oxide-water
(CuO/water) nanofluids as working mediums with volume concentration ( )
of 4% in unique compound microchannel heat sinks (MCHSs) has been
quantitatively explored using computational fluid dynamics (CFD) modeling.
Three distinct compound MCHS configurations were simulated, each with a
bottom circular cavity and an above reentrant (namely, rectangular (Case 1),
trapezoidal (Case 2), or semicircular (Case 3)), and their cooling efficacy was
compared to that of standard straight rectangular MCHS (Case 0) in terms of

total pressure drop penalty (A ), averaged heat transfer coefficient ( ),
averaged Nusselt number ( ), total thermal resistance ( ), and

performance evaluation criterion ( ).

In this work, the numerical study assumed that the nanofluid is
subject to the single-phase laminar flow hypothesis, which treats the base fluid
(H20) and nanoparticles (Al,O3; and CuO) as a homogeneous mixture. The
nanofluid flow is considered incompressible and steady-state. The volumetric
flow rate () ranges from 20 to 100 / , and the fluid inlet temperature
is set to 20 °C. On the MCHS base plate, a constant heat flux boundary
condition of 100 W/cm? is imposed. Both nanoparticles used have a diameter
of 47 nm, while thermophysical properties of nanofluid are temperature

dependent.

The governing equations were solved using the ANSYS FLUENT
2022 R1 software, which is a computational fluid dynamics (CFD) program
that employs the finite volume method (FVM). To ensure accuracy, the
numerical results were validated using experimental and numerical data from

the literature and good agreement was observed.
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According to the findings of numerical studies conducted on four
different types of MCHS using a hybrid heat transfer augmentation technique,
the of rectangular reentrant MCHS (Case 1) within CuO/water

nanofluid increased by 7.1%, while the total thermal resistance () of semi-
circular reentrant MCHS (Case_3) within CuO/water nanofluid decreased by
16.8% when both were compared to their traditional MCHS (Case 0)
counterparts using pure water at higher volumetric flow rates ( =

100 / ). This improvement in came at the expense of a 45.8%

increase in A when (Case 1) within CuO/water nanofluid is used instead of

Case_0 using water as a coolant.

Furthermore, the compound MCHSs kept noticeably lower wall
temperatures while incurring only marginally higher or comparable A . This
improved heat transfer is related to flow separation caused by throttling effects,
fluid acceleration in the main flow, and fluid mixing intensification in the three
newly proposed MCHSs. The present study is thought to be of practical

importance because it sheds some light on the design of advanced MCHSs.
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