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Modern living and technological advancements demand high-power microchips,
leading to an increase in chip surface temperatures. To mitigate this heat, porous metallic
heat sinks are employed. This study presents a simulation of a high-power
microprocessor (>10* W/m?) encased in a porous metallic heat sink. The microchip
measures 4 cm in diameter with a thickness of 5 mm. The governing equations are
solved numerically using the finite element method, implemented in COMSOL
Multiphysics software. This paper investigates the cooling performance of a microchip
through natural convection, focusing on three key parameters: aspect ratio, porosity, and
heat sink material. The study considers heat sink porosities of 0.2, 0.4, and 0.8; aspect
ratios of 0.2, 0.5, 1, and 2; and heat sink materials including copper, aluminium, and
steel. Results are presented as temperature and Nusselt number contours on the
microchip's surface. The findings indicate that copper achieves the lowest surface
temperature (41.58°C) and the highest Nusselt number (243.81) at an aspect ratio of 2.
Increasing the aspect ratio enhances the heat transfer rate and, consequently, the Nusselt
number. Conversely, steel exhibits the highest surface temperature (89.35°C), the lowest

heat transfer coefficient (164.89 W/m-K), and the lowest Nusselt number (62.84).

1. Introduction

Electronic devices have become the driving
force of modern living, in which the use of
small-sized, faster and more powerful
equipment have increased in the global
marketplace. Therefore, a high level of
performance in electronic devices is a
prioritized feature that the electronic industry
needs to develop [1]. The heat generated in the
microchip affects the efficiency of the electronic
device, and thus decreased their operational life
span [2]. To reduce the temperature in the
electronic device components, the generated
heat should be dissipated to the ambient [2, 3] in
order to maintain the operating temperature of
microchip at less than 85°C to thus ensure high
performance [4]. Due to the small size, compact
design and fast processing of recent electronics
such as micro-processor, the generated heat flux
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has increased [1], with heat flux exceeding 1000
W/cm? in some spots [4], leading to high
temperature which should be removed or cooled
down. Conventional methods used to cool
electronic devices include forced air cooling [5],
various alternative methods like heat pipe [6],
phase  change materials (PCM) [7]
thermoelectric cooling [8], and microchannels.
However, these typical cooling methods are
often not effective [9]. Heat sinks could be
utilized to dissipate the generated heat to the
ambient and enhance heat transfer area, which
works as heat exchanger [10-12]. Porous media
heat sinks will help increase the overall surface
area of the microchip and thus improve the heat
transfer and remove the generated heat [13]. It
was found that using porous media heat sinks to
dissipate the generated heat is an effective
method [1, 13]. A porous medium is a material
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containing pores (voids), in which two phases
exist. The solid part of the porous material
(matrix) is known as the solid phase. The voids
are usually filled with fluid (liquid or gas such
as water and air), allowing the flow of fluid
through the material which is known as single-
phase flow. A porous medium is most often
characterized by its porosity which varies
between 0 — 1 and permeability which is another
important property of porous medium [14].
Convection heat transfer is the mode of heat
transfer that has been used to cool electronics
devices using heat sinks. Natural and forced-
convection air cooling are the traditional modes
of convective heat transfer [14-16]. Zaretabar,
Asadian, and Ganji [17] analyzed heat transfer
in aluminum and copper heat sinks installed on
a chip of a computer using forced-convection, in
which Nusselt number and heat transfer
coefficient were determined and discussed. The
results showed that Nusselt number increases
with the rise in flow velocity and thus enhances
thermal performance. PV, Giran, and Pradeep
[13] studied numerically heat transfer
enhancement of electronic chips using forced
convection. In this study, three different cases
are reported and compared to each other: the Bi-
disperse porous medium heat sink, its
conventional model, and forced convection
without heat sink. It was found that the Bi-
disperse porous medium heat sink is highly
effective compared to the other two cases. Lee
and Kim [18] used natural convection to
enhance the heat transfer in pin-fin heat sink.
Pin-fin and microchannel heat sinks are an
important arrangement that could improve the
thermal performance and reduce the high
temperature in electronic devices [19, 20]. Zhao
et al. [21] proposed an optimized geometry of
micro square pin-fin heat sink to improve the
performance of electronic devices. The
numerical results showed that the cooling
performance of micro heat sinks with the
optimized square pin-fin is more effective than
the cooling performance of micro column pin-
fin heat sinks. Smakulski and Pietrowicz [22]
reviewed the removal of high heat flux using
three techniques, porous materials,
microchannels and spray cooling. Gong, Zhao
and Huang [23] studied the structure of the

micro-channels  heat sink  numerically.
Traditional micro-channel (TMC, single hole
jet-cooling, rectangle column fin, and double-
layer micro-channel) were considered as heat
sinks in their study. Results show that the
structure of the microchannel heat sink is
significant to the fluid flow and heat transfer,
leading to improved thermal performance. Gong
et al. [1] developed and analyzed numerically a
micro-channel heat sink, in which a metallic
porous/solid compound fins are used to dissipate
chip power. The results showed that the
proposed design of the heat sink enhances the
cooling performance of the electronic devices
efficiently. Habib and Tahir [2] proposed and
analyzed a novel macro-channel ‘L-shaped’
heat sink to remove the large amount of the
generated heat in the chip using free-convection
heat transfer mode. The thermal performance is
improved using an ‘L-shaped’ heat sink
compared to the traditional porous medium heat
sink design. Tu-Chieh, Hung and Yan [24, 25]
developed a 3-D numerical model to analyze the
impacts of six different porous configuration
designs  (rectangular, outlet enlargement,
trapezoidal, thin rectangular, block, and
sandwich distribution design) on the thermal
enhancement of the porous-microchannel heat
sinks. The results indicated that the sandwich
and the trapezoidal designs have the best heat
transfer effectiveness, cooling performance and
convective performance. Tu-Chieh, Hung and
Yan [26] numerically studied the performance
of heat transfer of a microchannel heat sink with
a sintered porous medium, with the heat transfer
enhanced using a porous metallic medium. Pin-
fin was used with phase change materials
(PCM) to improve the cooling performance as
well [27]. Phase change materials have the
potential to enhance the heat transfer and control
the temperature [28]. Argam et.al [29] studied
the impact of radial fin heat sink filled with
PCM on the cooling performance of electronics,
in which heat sink performed better based on
their findings. However, the usage of PCM in
thermal management is not acceptable for high
heat fluxes (> 15 W) [30]. Types of porous
medium heat sink could influence the thermal
management of the heat sink and microchip as
well. Metals such as aluminum [13], copper
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[1, 24, 31] and foams [21, 23] have been
extensively used as heat sinks to improve the
thermal performance of electronic devices.
Copper has stronger properties than aluminum
such as thermal conductivity, which higher than
thermal conductivity of aluminum. However,
copper is more expensive than aluminum [17].
Metal foam is considered a promising solution
for the applications with high heat flux, in which
air or water can be used as cooling fluid [1, 32-
35]. Metal foam is usually fabricated from
aluminum, carbon and silicon carbide [31],
which provides large surface contact area and
thus improves the heat transfer by convection
[1]. Design pore densities and porosities of
metal foam were investigated and analyzed in
different studies [36-38]. Han et al. [39] has
reviewed the studies on the usage of metal foam
as a heat sink to remove the generated heat in the
microchips. Forced [17, 40] and natural [2, 18]
convections are the most common ways that
have been used to cool the electronic devices
using porous medium as heat sink. Free
convection is a very cheap way to cool the heat
sinks because no devices are needed to move the
air.  In the present paper, a simulation of a
circular microprocessor with high power (<104
W/mz2) is achieved numerically to analyze the
heat removal from the microchip through the
use of a metallic porous media heat sink. To the
best of the author’s knowledge, no other cooling
high power microchip systems have been
considered and analyzed for different aspect
ratios in the literature. Investigating the
influence of aspect ratios for a range of
porosities provides insights about the thermal
management of microchip systems. Specific
objectives are to analyze the cooling
performance of a microchip by natural
convection for three parameters (aspect ratio,
porosity and type of heat sink) and determine the
Nusselt number for all cases. These objectives
are met with a computational fluid dynamics
(CFD) model in COMSOL Multiphysics to
simulate the thermal behavior inside the
microchip and heat sink. Copper, aluminum,
and steel were used as metal porous heat sink to
remove the high surface temperature of the
microchip. Four aspect ratios (H/D [41] = H/W
=0.2,0.5,1 and 2) and three porosities (0.2, 0.4

and 0.8) were used in the modeling efforts and
analyzed. The electronic microchip (heat
source) of 20 Watt is considered, dissipating
approximately 10000 W/m2 as heat flux based
on the area of microchip.  Contours of
temperature, average surface temperature from
the microchip and porous heat sink were plotted
and analyzed. The Nusselt number was
determined and plotted for all aspect ratios,
porosities, and heat transfer coefficient.

2. Methodology

A numerical study was carried out to
investigate the thermal behavior of the heat sink
with three metallic porous mediums (steel,
aluminum, and copper) for cooling a high-
power microchip. The problem model,
governing equations, corresponding boundary
conditions, and numerical analysis to solve the
problem are introduced.

2.1-Physical model of the microchip and heat
sink

In this study, heat dissipation from a
microchip is numerically investigated. The
dimensions of the microchip are diameter d and
thickness h. The microchip is surrounded with
metallic porous media of porosity ¢, diameter D
and thickness H. Figure (1) shows the schematic
diagram of the microchip and heat sink. Three
types of metal heat sink are considered in the
present study: copper, aluminum and steel. The
dimensions of the microchip, heat sink, and
other parameters used in the study are listed in
Table (1). The generated heat in the microchip
is removed using metal porous medium and then
dissipated by means of free convection to the
surrounding. Air is used as the working fluid
with Prandtl number of 0.7. The fluid flow in the
porous media is considered two-dimensional,
steady state, Newtonian, incompressible, and
with constant thermophysical properties except
the density obeys to Boussinesq approximation.
The porous medium is homogenous, rigid,
isotropic, and fully saturated with fluid. The
local thermal equilibrium is considered between
the solid and the air inside the porous media The
influence of radiation heat transfer is minimal
and can be neglected based on the calculated
surface temperature of the heat sinks.
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(a) Dimensions of the microchip and heat sink

_ CO"T?(”W’- ]le(”ﬂ”x

/

Axis of symmetry—

!
I

Heat source  Thermal insulation

(b) Front view of the microchip and heat sink showing the boundary conditions
Figure 1. Schematic diagram of the microchip and heat sink, showing the dimensions and boundary conditions

Table 1: Dimensions and Parameters of the physical model used in the modeling efforts [1, 9, 31]

Sizing of Microchip and Heat sink

Parameter Value Unit
Diameter of microchip (w) 4 cm
Height of microchip (h) 0.5 cm
Diameter of the heat sink (W) 10 cm
Height of heat sink (H) 2 cm
Porosity 0.2,0.4and 0.8 -
1.2416 x 1012
Permeability 1.7658 x 10t and m?2
1.2714 x 10°
Heat flux 10* W/m?
Aspect ratio (H/W) 0.2,0.5,1,and 2 -
Thermophysical Properties of Metal Porous Mediums
Parameter Value Unit
Steel
Heat capacity 475 JI(kg.K)
Thermal conductivity 44.5 W/(m.K)
Density 7850 kg/m3
Aluminium
Heat capacity 900 JI(kg.K)
Thermal conductivity 238 W/(m.K)
Density 2700 kg/m3
Copper
Heat capacity 385 J/(kg.K)
Thermal conductivity 400 W/(m.K)
Density 8960 kg/m?
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2.2. Governing equations and boundary
conditions

Local thermal equilibrium between the solid
and fluid phases inside the porous domain is
assumed to analyse the heat transfer [1]. The
Forchheimer-Brinkman extended Darcy model
and the one-energy equation which describe the
fluid flow and heat transfer in the porous region
are adopted from [14]. The general governing
equations are mass, momentum, and energy:
Continuity equation:

V- (@pfV) =0, 1)

where @ is porosity of metallic porous media,
p_f is density of fluid, and V is velocity vector.
Momentum equation:

The characteristics of the flow and heat transfer
for the air in the porous media are based on the
volume-averaged technique and Brinkman-
Darcy-Forchheimer model of porous media.
With the above assumptions, the momentum
equation of the porous media can be written as
follows [14, 24]:

LWV =-VP+EviV Ly
LELWIV + py g B(T = T.o), (2)

K2

where P is pressure, p is viscosity of fluid, K is
permeability of porous medium, Cs is
Forchheimer’s constant, g is gravity, and B is
thermal expansion coefficient of fluid.
Note that the permeability defined as Kozeny's
equation [14],

_ 4o

©)

where d, is mean particle diameter.
Forchheimer’s constant is calculated from the
following relation [14]:

Cr=055(1-55%) (4)

where d, is the mean particle diameter and De is
the equivalent diameter of the porous media.
Energy equation:

The energy equation of fluid and porous
media is [24]:

(PQ)efr(V - VT) = kegfV>T, (%)

where T is temperature, ke and (oc)e are the
effective thermal conductivity and the heat
capacity of the porous media, respectively,
which define as:

kepr = ®kf+(1 — Pk (6)
(P err = B(pC)p+ (1 = B)(pC)s - (7)

The subscript indices f and s stand for liquid and

solid, respectively.

The boundary conditions:

The corresponding boundary conditions used in

the present study represent the following cases

in which:

1. The bottom surfaces of the microchip and
the porous media are insulated.

2. The top and side surfaces of microchip
subject to constant heat flux, q" .

3. The no slip condition applies at the top and
side surfaces of microchip, where u =v =
w = 0.

4. Convective heat transfer with top and side
surfaces of porous media with surrounding,
where heat transfer coefficient is 9.37
(W/m?. K) for still air [42].

Parameters:

Nusselt Number:

The local Nusselt number (Nu,,) of fluid on the

surfaces of microchip can be determined using

the relation:

RnL
Nun = x ' (8)

where hq is the local heat transfer coefficient in
the direction n, which can be estimated from the
relation,

hy = —— 9)

T Ty-Teo

while the average Nusselt number (Nug,,4) can
be calculated from the relation:

1 L
Nugyg = Zfo Nu,dn, (10)
where L is the length at any direction n.

hL
Num,g = M (11)

where L = (%) for the horizontal surface of the
microchip and d is the diameter of the microchip
[43].

hy =+ )

o Tn—Towo ’
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while the average Nusselt number (Nu,y,4) can
be calculated from the relation:

1 L
Nug,, = ZfO Nu,dn, (10)
where L is the length at any direction n.

hL
Nua,,g = < (11)

where L = (%) for the horizontal surface of the

microchip and d is the diameter of the microchip
[43].

2.3 Numerical model

The numerical model was solved and
analysed using COMSOL  Multiphysics
software. The model computes the temperature
distribution in the computational domain
(microchip and heat sink). Two-dimensional
axisymmetric modelling was wused. The
Forchheimer-Brinkman extended Darcy model
interface is used to calculate the fluid velocity
and pressure fields in the heat sink. The
generalized Navier-Stokes flow solutions are
coupled to the energy equation throughout the

(permeability) and inertial (Forchheimer Drag
coefficient) terms are included in the model. The
density obeys Boussinesq approximation. The
effect of gravity is included in the model to
achieve natural convection heat transfer to the
surrounding. The permeability and porosity are
given in Error! Reference source not found.) in t
he previous section [1, 31].

2.4 Mesh validation

The mesh size used in the model was
extremely fine (free Triangular). The numerical
model is solved for nine different mesh types to
find an accurate mesh type. Error! Reference s
ource not found.) a show the surface
temperature of the microchip with aluminium as
heat sink (z = 0.5 cm and r = 0 — 2 cm for the
nine eight different mesh sizes at AR = 0.2 and
® = 0.4. As can be seen the change in the
surface temperature for all mesh sizes are very
small. Extra and extremely fine meshes show an
excellent convergence. Extremely fine mesh is
selected in the present study to get accurate
results, which is shown in Error! Reference s

orous  region. The orous  Vviscous
P g P ource not found. b.
s00 Mesh Type Extremely coarse I
(@) Extra coarse oo
-~ 83.75 AR =02 Coarser 0.0187
Porosity = 0.4 Coarse

83.50 |

8325 ——

83.00 |

Normal

Fine

Finer
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Microchip Surface Temperature (C

@0
&)
~J
w

1 1 1 1
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Figure 2. (a) The influence of mesh size on the microchip surface temperature with aluminium as heat sink.
(b) Zoomed-in extremely fine mesh generated by COMSOL Multiphysics model, showing the microchip and heat sink.

2.5 The model validation

To validate the present model, Nusselt
number for a range of heat flux was compared
to Nusselt number from a correlation
(Nu = 0.54Ra'/*) by Pitts and Sissom [44].
The present model was run for a range of heat

fluxes (10000 to 27000 W/m?) with very low
porosity (0.99) to simulate the problem without
porous media as an approximation. Error! R
eference source not found.) shows Nusselt
number verse heat flux for the present study and
reference [44] at aspect ratio of 0.2 for steel.
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Rayleigh number (Ra) is calculated from
equatior}v (12):
Ra = 9£aL (12)

kav

where: g is acceleration due to gravity, g is the
thermal expansion coefficient, g is the uniform
surface heat flux, L, is the characteristic length,
k is the thermal conductivity, a is the thermal
diffusivity, and v is the kinematic viscosity.

100

As can be seen in Error! Reference sourcen
ot found.), the standard deviation between the
Nusselt number from the present model and
from reference [44] is in the range of (5 to 12)%
which considered reasonable due to the
approximation.

a0 F AR=1072
" Porosity = (.99
80 ty

70

50

Musselt Number
®
®

Steel @ Nu-Present Study

——— Nu-ref [44]

30 F

20 1

{}- 1 1

10000 15000

20000 25000 30000

Heat Flux (W/m?)

Figure3. Validation between the present study and reference [44] results at aspect ratio of 0.2 with steel as metallic
porous domain

3. Results and discussion

This section focuses on the thermal
behaviour of the heat sink. The impact of three
types of metal heat sink is analysed. Three
porosities of the porous domain are used.
Furthermore, one parameter was introduced and
analysed, which is the Nusselt number.

3.1 Impacts of metallic porous media on the
temperature distribution in the microchip and
heat sink:

The problem was modelled and solved
numerically. The investigation focuses on the
heat transfer behaviour of the metallic porous
media, in which heat transfer occurs in natural
convection. The metal porous media will help to

remove the generated heat in the microchip to
the ambient via convection. The surface area of
the heat source (microchip) and heat sink will
affect the total heat transfer by convection
mode; the heat transfer will increase with the
increase in surface area. Four aspect ratios, (0.2,
0.5, 1, and 2), were considered at three
porosities, (0.2, 0.4 and 0.8). Figures (4) (a-f)
show the temperature distribution in the
microchip and the heat sink for the three
metallic porous mediums, (steel, aluminium,
and copper), in which aspect ratio equals 0.2 and
porosity equals 0.8. Two plots are shown for
each porous medium, temperature profile
(contours) in Z-R sections (a, ¢, and e) and
surface temperatures (b, d, and f). The surface
temperature of the microchip and heat sink
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increases with porosity due to the increase of
surface area and void spaces which increase the
heat transfer rate [45]. As can be seen, the
copper porous medium gives the minimum
temperature on the surface of the microchip
(~82.78°C) and heat sink (~82.06°C), leading to
the highest Nusselt number. This is because the
copper has high thermal conductivity (~400
W/m K) [31] compared to the other metallic heat
sinks. The average surface temperature of the
microchip is used to calculate the heat transfer

(©

(€)

coefficient based on the constant heat flux and
ambient temperature. Copper shows the highest
heat transfer coefficient (183.63 W/m? K) and
thus the highest Nusselt number (69.98)
compared to steel and aluminium. The heat
transfer coefficients and Nusselt numbers are
164.89 (W/m2 K) and 62.84 for steel, and
180.62 (W/m2 K) and 68.83 for aluminium,
respectively. Therefore, steel performs more
poorly than aluminium and copper, which has
the lowest thermal conductivity (~44.5 W/m K

degC

(d)

degC

82.8
82.6
82.4

82.2

®

Figure 1. Temperature distribution in the microchip and the heat sink. a, ¢ and e show temperature profile (contours) in
Z-R section. b, d, and f show the surface temperature. a-b for steel, c-d for aluminium and e-f for copper. The aspect
ratio equals 0.2
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3.2 Effects of aspect ratio on the temperature
distribution in the microchip and heat sink

Figure (5) shows the average surface
temperature from the microchip and the heat
sink for the three metallic porous media at four
different aspect ratios and three porosities. The
aspect ratio depends on the width (diameter) and
height of the heat sink. Four values of aspect
ratios were investigated by changing the height
of the heat sink, the width of the heat sink is set
to be constant. Each plot in Figure (5) shows the
maximum and minimum average surface
temperature in the microchip and heat sink. As
can be observed in Figure (5), the maximum
average surface temperature (89.35°C) is
obtained from steel at porosity of 0.8 with aspect
ratio of 0.2. The minimum surface temperature
(41.58°C) is obtained from copper at porosity of
0.2 with aspect ratio of 2. The behaviour of the

heat sink is enhanced by increasing the aspect
ratio from 0.2 to 2 due to increase the surface
area to remove the heat to the ambient, the
surface temperature for the microchip is
minimum for all heat sinks, leading to the
highest Nusselt number. At aspect ratio of 0.2
and porosity of 0.8, the Nusselt number is
minimal at 62.84. While at aspect ratio of 2 and
porosity of 0.2, the Nusselt number is maximal
at 243.61. Table (2) shows the temperature
difference between the microchip and the
ambient and the temperature difference between
the microchip and the heat sink. As observed in
Table (2), copper records the minimal
temperature difference at low porosity. The
temperature difference from the microchip and
the ambient was used in equation (9) to calculate
the heat transfer coefficient and the Nusselt
number.

Table 2: Temperature difference (T, — T,,) and (Ts — Ty,) at four aspect ratios among three porosities. T; is the average
surface temperature from the microchip, and T, is the bulk temperature or average temperature of the heat sink

Metal porous medium

Steel
Aluminum
Copper

Metal porous medium

Steel
Aluminium
Copper

Metal porous medium

Steel
Aluminum
Copper

Metal porous medium

Steel
Aluminium
Copper

Metal porous medium

Temperature difference
(T = Te) (°Q)

Aspect ratio (¢ = 0.2)

0.2 0.5 1 2
61.99 43.89 30.71 20.46
5799 40.73 27.48 16.94
5759 4041 27.15 16.58

Temperature difference
(Ts = T}) (°C)
Aspect ratio (¢ = 0.2)

0.2 0.5 1 2

4.78 3.71 3.82 4.25
1.08 0.86 0.88 0.96
0.72 0.58 0.59 0.64

Temperature difference
(Ts - TOO) (OC)
Aspect ratio (9=0.4)

0.2 0.5 1 2
62.3 4438 31.43 21.15
58.09 40.88 27.71 17.15
57.62 4045 27.21 16.64

Temperature difference
(T = Tp,) (°O)
Aspect ratio (@ = 0.4)

0.2 0.5 1 2

4.79 3.72 3.84 4.28
1.08 0.86 0.88 0.96
0.72 0.58 0.59 0.64

Temperature difference
(Ts — Te) (°C)
Aspect ratio (¢ = 0.8)
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1

Temperature (C°)

00

0.2 0.5 1 2
Steel 64.35 49.16 39.88 3191
Aluminium 58.75 4232 29.99 19.68
Copper 57.78 40.79 27.75 17.21
Temperature difference
: (T; = Tp,) (°O)
Metal porous medium Aspect ratio (@ = 0.8)
0.2 0.5 1 2
Steel 485 385 415 4.82
Aluminium 1.09 087 0.89 0.98
Copper 072 058 0.9 0.64
110
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Figure 5. Average surface temperature from the microchip and heat sink among the three porosity values, showing
the maximum and minimum temperature for aluminium, steel, and copper at four aspect ratios

3.3 Nusselt number formulation

The Nusselt number is a dimensionless
number that represents the ratio of convective to
conductive heat transfer on the surface of the
microchipm which is calculated using equation
(11), which represent average Nusselt number
[43]. In equation (11), heat transfer coefficient
is calculted using equation (9) with heat flux
(" =~10000 W/m? and temperature
diffrence from Table (2). Figure (6) shows
Nusselt number vs. aspect ratio for the three
metlaic porous media among three porosities.
Nusselt number is maximum for copper at (@ =
0.2) and it increases with the increase of aspect
ratio as can be noticed. In addtion, aluminum
records better performance than steel.

Aluminum has high thermal coductivity (~238
W/m K) [9, 31] compared to
thermalconductivity of steel ( ~44.5 W/m K).
Therefore, large aspect ratio, low porosity and
high thermophysical properties could be used to
increase the heat dissipating to the ambinet.
Figure (7) (a-d) shows the vairation of average
Nusselt number with heat transfer coefficient.
As can be seen, the average Nusselt number
increases with the increase of heat transfer
coefficient at all Aspect ratios due to the
enhancement of heat transfer rate. Nusslet
number for low porosity (0.2) is higher than that
of high porosity (0.8) for steel, aluminum and
copper.
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Figure 7. Nusselt number vs. heat transfer coefficient among three different values of porosities. (a) Aspect ratio = 0.2,
(b) aspect ratio = 0.5, (c) aspect ratio = 1, and (d) aspect ratio = 2.

3.4 Impact of the porosity on the performance
of the heat sink

In the present study, the model was run
within a porosity range of 0.1 to 0.9. The impact
of low porosity ~0.1-0.4 on the results is
approximately the same for all heat sinks as can

be seen in Figure (8) which shows the surface
temperature of the microchip along the radial
direction. At high porosity 0.4-0.9, the impact of
porosity on the surface temperature is very clear.
Three porosities were selected (0.2, 0.4 and 0.8)
in the present study in order to avoid repeating
the same results. As can be observed in the
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previous sections, Figures (5, 6, and 7) and
Table (2), the performance of the heat sink
increases with a decrease in porosity, with an
enhancement of the heat transfer also. In
addition, Nusselt number increases with the
decrease of porosity as can be seen in Figure (9
a-d), leading to high thermal performance. The
reason for this is due to the heat transfer
coefficient increasing with the decrease of
porosity due to the reduction of surface
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increase of Nusselt number by removing the
heat to the surrounding area through the porous
media via natural convection. The heat transfer
enhancement increases the cooling performance
of the heat sink and thus increases the heat
removal to the surrounding. As can be observed
also, steel records the lowest Nusselt number
because it contains low thermal conductivity
which leads to low heat transfer enhancement.
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Figure 8. The influence of porosity on the surface temperature of the microchip at aspect ratio of 2 and porosity of 0.1 to

0.9.
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4. Conclusions (89.35°C) at a porosity of 0.8 and AR = 0.2
] _ o ) which results in lowest Nusselt number (62.84).
Numerical investigation is achieved to The effectiveness of the heat sink increases with
study the thermal behaviour of heat sink that is the increase of aspect ratio. Nusselt number
used to cool high powered microchips. Three increases with the increase of aspect ratio and
metallic porous mediums were used in the study decreases with porosity for all metal porous
as heat sink (steel, aluminium, and copper) with mediums. Future research will focus on
two porosities (0.2, 0.4, and 0.8). Four aspect studying the problem in an experimental setting,
ratios of the heat sink were studied (0.2, 0.5, 1, as well as investigating the forced convection
and 2). The heat generated by the microchip of considering the variation of aspect ratio and

high power (>10* W/m?) is removed to the porosity.
ambient surroundings through the metal porous

media by means of free convection heat transfer. Nomenclature

Nusselt numbers were calculated and analysed.

The model results show that copper is the best @  Porosity (-)

heat sink to be used compared to aluminium and W  Diameter (width) of the heat sink (m)

Height of the heat sink (m)

Height of the microchip (m)

Diameter (width) of the microchip (m)
Viscosity (Pa.s)

steel. The surface temperature is at its minimum
(41.58°C) at a porosity of 0.2 and AR = 2,
leading to the highest Nusselt number (243.81).
Steel shows the highest surface temperature

=S oI
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p  Density (kg/m?3)

K Permeability of porous media (m?)

K Thermal conductivity of the porous
media (W/m.K)

c Heat capacity of the porous media

(I/kg.K)

Cr Forchheimer’s constant (-)

g  Gravity (m/s?)
Thermal expansion coefficient of fluid.

Bk

d, Mean particle diameter (m)
Equivalent diameter of the porous

D, :
media (m)

P Pressure (Pa)

T  Temperature (K)

V' Velocity (m/s)

Subscripts

f Fluid

s Solid

o Ambient

eff Effective
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