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ABSTRACT: The purpose of this research is to investigate the performance of hybrid Darrieus-In
the present study, the Thermo-hydraulic performance evaluation of nano-encapsulated phase change
material slurries was undertaken in a micro-channel heat sink. The present research was motivated by
the urgent need for the performance enhancement of micro-sized heat sinks for the electronic cooling
application. A micro-channel with sinusoidal cavities and rectangular ribs was chosen as the flow domain
in the present study and the steady laminar flow of nano-encapsulated phase change material slurries was

investigated inside the micro-channel. A single-phase model was adopted for the simulation of slurry
flow and heat transfer using the well-known finite volume method. Ansys Fluent software was used to
solve the governing equations and simulate the flow. In the current study, Nusselt number, friction factor,
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and performance factor were used to measure the thermal-hydrodynamic performance of the studied &

slurries. Numerical simulations were performed for Reynolds numbers ranging from 200 to 1000 and Micro-channel with sinusoidal cavi-

nanoparticle concentrations ranging from 0 to 30%. It was shown that adding nano-encapsulated phase ties and rectangular ribs

change material to a base fluid like water enhanced the thermal performance of the resulting slurry. A 6%  Nano-encapsulated phase change

to 48% increase in the Nusselt number was reported along the microchannel.
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1- Introduction

The concept of a Microchannel Heat Sink (MCHS)
was first proposed by Tuckermann and Pease [1] in 1981
and proved to be effective. In primitive designs of MCHS,
simple rectangular microchannels were used to dissipate
the generated heat using conduction in solid substrate and
convection in the fluid flowing across the heat sink. In a
three-dimensional simulation, Ghani et al. [2] evaluated a
new geometric design for a microchannel heat sink. In this
design, walls with sinusoidal cavities with rectangular ribs in
the middle of the channel were used to create turbulence and
mixing in the fluid flow path in order to enhance the overall
thermal performance of the heat sink. The performance
factor of this new geometric design in Reynolds number
800 is reported to be 1.8, which has much better thermal
performance than the sinusoidal wall geometric design in
the absence of ribs and the smooth wall geometric design
in the presence of rectangular ribs. In recent years, phase
change materials have received much attention due to their
ability to reduce the volume and weight of microchannel
heat sink to be used in the cooling applications of electronic
components. In its general definition, a phase-changing
material is a substance that can generate a useful amount
of cooling/heating in a heat control device by changing
the phase from solid to liquid or vice versa in the desired
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temperature range [3].

In a new study, Rahman et al. [4] investigated the
simultaneous effect of using Nano-Encapsulated Phase
Change Materials (NEPCM) by designing hydrofoil ribs
on microchannel heat-sink walls with a three-dimensional
numerical analysis and a significantly improved heat transfer
rate (up to 2.68 times larger than water-cooled heat sink with
an identical geometric design) reported. Studies to date have
shown that combining the use of new geometric designs and
mixtures containing phase-change particles as the cooling
agent fluid is a reliable approach to improve the thermal
performance of microchannel heat sinks.

Therefore, in the present study, the use of a nano-
encapsulated phase change materials slurry in a
microchannel including sinusoidal wall cavities in the
presence of rectangular ribs in the middle of the duct will be
investigated as a new solution to increase heat transfer rate
within microchannel heat sinks.

2- Problem Description

Fig. 1 shows schematics of the micro-channel heat sink
modeled in this work which has a width of 0.3 mm, a height
of 0.4 mm, and a length of 10 mm. Heat flux of 100 W/
cm?2 is applied at the bottom plate of the heat sink, where the
electronic chip is assumed to be directly attached to the base
plate of the heat sink.
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Fig. 1. The geometry of the microchannel heat sink

3- Governing Equations and Performance Indexes

In the present study, the flow and heat transfer of a
layered, stable, and incompressible homogeneous mixture
carrying nano-encapsulated phase change has been
investigated. A single-phase model has been used for
numerical modeling of these slurry flows, and the effects of
viscous heating and slip on the solid-liquid contact surface
have been neglected. Therefore, the governing equations
of the present problem could be presented as follows [5]:

V.(p,V)=0 (1)
V(py VV)==VP+V.(11,, [VV +VV' 1) )
V.V (pyC,.;T))=V.(k,,VT) 3)

The average friction factor along the microchannel is:
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The average friction factor along the microchannel is:
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The overall performance of the proposed design is
measured using the performance factor (Pf), which represents
the Nusselt number ratio over friction factor ratio to the
power of one-third. The value of Pf indicates the extent
of the thermal effectiveness relative to the pressure drop
penalty. The increment of Pf over 1 indicates the superiority
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of thermal performance overpressure drop penalty and vice
versa if the value is less than one. Therefore, the design is
considered acceptable if the value of Pf is higher than unity.
The equation of Pf is given by:
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0
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4- Results and Discussion

In Fig. 2, the variation of the mean temperature of the
microchannel bottom plate with the volumetric concentration
of nanoparticles in 5 different Reynolds numbers is depicted.
As can be seen, in the whole range of Reynolds numbers
studied in the present study, with the addition of encapsulated
nanoparticles, the temperature of the microchannel bottom
plate decreased, and as a result, the thermal performance of
the heat sink was enhanced by increasing the heat capacity of
the working fluid.

Fig. 3 shows the effect of the Reynolds number and the
concentration of encapsulated nanoparticles on the mean
Nusselt number relative to the base state. According to Fig. 3,
the Nusselt number is an increasing function of nanoparticle
concentration which confirms the desirable effect of using
encapsulated phase change materials for the electronic
cooling application.

As can be seen in Fig. 4, for the entire range of Re studied
here, thermal performance factors higher than unity have
been reported for the phase change slurries. According to Fig.
4, with the increasing volume concentration of nanoparticles,
a notable increase in the overall thermal performance of the
slurry is obtained. As the concentration of phase change
particles increases, the fluid’s heat absorption and heat storage
capacity increase. This trend enables the phase change slurry
to store more heat when it flows across the microchannel,
which prompts a more efficient cooling of the electronic
component. Also, the maximum performance factor is 1.54,
which is achieved for the lowest Reynolds number and the
highest nanoparticle concentration.

5- Conclusions

The results showed that adding phase change materials in
the form of nano-scale capsules to a common base fluid such
as water increases heat transfer and improves the thermal
performance of a microchannel heat sink. An increase of
up to 48% in the Nusselt number in this study is evidence
for this claim. At the same time, an increase in the overall
pressure drop and friction factor is also observed with the
addition of nanocapsules. However, at identical Re numbers,
a higher than unity thermal performance factor is acquired
which corroborates the desirable thermal performance of
phase change slurries despite the observed pressure drop
penalty. Finally, it was concluded that the use of NEPCM is
more effective in low Reynolds numbers, and increasing the
Reynolds number reduces the thermal efficiency of NEPCM
slurries.
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Fig. 2. Effect of volume concentration of NEPCM on average microchannel
bottom temperature in different Reynolds numbers
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Fig. 3. Effect of volume concentration of NEPCM on Relative mean Nus-
selt number in different Reynolds numbers
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Fig. 4. Effect of volume concentration of NEPCM on performance factor in different Reynolds numbers
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Fig. 1. The geometry of the microchannel heat sink

Mo (GBI 5 pgians (500 i b JUISy,Seo by b yo (qustih 5l 50 ) Jpin

Table 1. Geometric parameters related to microchannels with sinusoidal cavities and rectangular ribs
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Table 2. Thermophysical properties of octadecane
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Fig. 2. Numerical mesh produced for microchannels with sinusoidal cavities and rectangular ribs
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Table 4. Effect of computational number of cells on the maximum temperature of the microchannel floor
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Fig. 3. Comparison of the results of the present numerical research with the results of Goel et al. [26] and
Kuravi et al. [27]
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Fig. 4. Comparison of the present numerical research results with the numerical results of Ghani et al [6]
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Fig. 5. Effect of volume concentration of NEPCM on average microchannel bottom temperature in different
Reynolds numbers
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Fig. 6. Effect of volume concentration of NEPCM on Relative mean Nusselt number in different Reyn-
olds numbers
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Fig. 7. Effect of Volumetric Concentration of NEPCM on Relative Friction Factor in Different
Reynolds Numbers
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Fig. 8. Effect of volume concentration of NEPCM on performance factor in different Reynolds numbers
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Fig. 9. Effect of Volumetric Concentration of NEPCM on Local Nusselt Number in Different Reyn-
olds Numbers
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