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Experimental Examination on Forced Convection
Heat Transfer in laterally Perforated ﬁnned Metal
Matrix Composite Heat Sink
E. Nirmala devi, T.Rajesh
Abstract---Day by day a huge measure of research is
proceeding to discover the cooling solutions for electronics
including various applications for CPU, LED coolers, relay
cooling frameworks. The serious issue including electronic parts
cooling is the structure of heat sinks and their compatibility with
the electronics for the predefined applications. Likewise, the
quick-paced progressions in computing driving for the
production of superior processors with incorporated complex
circuits for which the cooling turned into a troublesome task
which became challenging the existing market. This study targets
building up a metal matrix composite (MMC) heat sink for low
coefficient of thermal expansion (CTE) in electronic parts.
Aluminum nitrate (AlN) takes like 12.5% (wt/wt) and mixed
Aluminum (Al) to form metal matrix composite (MMC) prototype
heat sinks. Prototype metal matrix composite (MMC) properties
were evaluated experimentally. The modeling of the laterally
perforated ﬁnned heat sink (LA-PFHS) is done Solid-works. The
sinks are fabricated by using CNC machining. Two
configurations of circular piercings on the fins are used in which
the diameter and the spacing between piercings vary. In a
rectangular insulated duct, the experimental analysis on the
three metal matrix composite (MMC) heat sinks was performed
under the phenomenon of forced convection at varying heat
fluxes and at ambient conditions of temperature 30°C, pressure
101.326 KPa and 45% humidity. From 1.0 m/s to 4.0 m/s wind
velocities and with an interval of 1 m/s the experimentation were
carried out. Results show that the model III prototype metal
matrix composite (MMC) heat sink proposed in this study shows
a decrease in thermal resistance (Rth) by 50.51 %.
Keywords: forced Convection heat transfer, coefficient of thermal
expansion, Metal Matrix Composites, heat sink, Reynolds
number (Re), Thermal resistance (Rth), Pressure drop, Pumping
power.

I.

INTRODUCTION

Thermal

management has become very important
challenging in today's electronics world. Overheating of
electronic devices is a major issue in computing systems,
avionics, battery management, and in different industrial and
non-industrial applications. Electronic device life span can
be increased by effective thermal management of the
devices. Heat sink dissipates the heat from the electronic
devices.
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Air-cooled heat sinks have been commonly used as an
answer for overseeing heat-related issues of electronics
because of their adequacy, financial plausibility, unwavering
quality, and straight forwardness in support. Air-cooled heat
sinks are susceptible to relatively low heat transfer
coefficients and have large base temperature variations.
Increasing air flow can overcome this problem but in real
applications this method is limited as it increases the
pumping capacity there by increasing the heat sink
occupancy space. The surface boundary layer thickness
dictates the heat transfer rates. Disruption of the laminar
boundary layer to turbulent boundary layer increases the
heat transfer from the surface. Boundary layer interruption
uses the same phenomenon to enhance the heat transfer from
the surface. Perforation of the fins is one among different
boundary layer interruption techniques and lead to lighter
systems that add weight advantage in the applications.
Perforations can be made on the lateral surface or along the
length. Shaeri et al. [1] investigated the pressure drop and
heat transfer characteristics under different flow regimes.
Square cross-sectional perforations along the lateral surface
are used to perform an experimental investigation on the
heat sink with flows varying from laminar to turbulent.
Perforation size and porosity are taken to study thermo fluid
characteristics of the heat sink. Compared to the solid fin
heat sink, the mass-based thermal resistance (Rth) is lower
by 41-51% for perforated heat sink under constant pumping
power. Chingulpitak et al. [2] were proposed the thermal
performance of plate-fin heat sink with lateral perforations.
Circular cross-section perforations are made along the
lateral surface. The effect of diameters and a different
number of circular perforations on the fins of heat sinks are
studied. The results showed that the 3 mm diameter and 75
perforations exhibited the 11.6 % more heat transfer rate
than the solid fin heat sink. Kim et al. [3] had been
numerically evaluated the performance of a rectangular
perforations heat sink and branched fin heat sink. A new
numerical volume averaging model is developed to study
the performance of branched fin heat sink results showed
that the branched fin heat sink and better thermal
performance compared to the optimized rectangular fin heat
sink. Ahmed et al. [4] numerically evaluated the effect of
ribs inserted in the plate-fin heat sink. Position, height, and
number are taken as the study parameters. Results showed
1.55 times increase in Nusselt number compared to the solid
fin heat sink. Cola et al. [5] investigated the effect of carbon
nano tubes as the interface materials for getting better
thermal performance.
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Environmental effects and standards of used electronic
devices were laid out in the work. Gwinn et al. [6]
investigated on thermal interface materials studied the effect
of metallic oxide nano particles on the thermal performance
of thermal grease compounds.
The results showed an increase in heat transfer rate
compared to nonmetallic oxide thermal grease. Kaczmar et
al. [7] researcher developed new methods to use liquid
metals for the developing metal matrix composites using
different casting techniques and various powder metallurgy
processes. The economic feasibility of different
manufacturing methods and their drawbacks are presented.
Development of metal matrix composite (MMC) heat sinks
with less change in density and enhancing thermal and
mechanical properties is the focus of this work so that they
can be used in low coefficient of thermal expansion (CTE)
compatible avionic components. Stir casting is used to
produce proposed combinations of the metal matrix
composite (MMC) heat sinks. Thermal performance
investigation is carried out at different flow regimes. Shaeri
et al. [8] started his researcher on laterally perforated-finned
heat sinks; from this he developed thermal performance. The
air flow supposed to be laminar and non-bypass flows.
Based on five porosities, he implemented with three
different rectangular holes on the plate fin heat sinks LAPFHSs. He put forward mass-based thermal resistance (Rth)
as a performance indicator was calculated by multiplying
the thermal resistance (Rth) and mass of the heat sink. The
results showed that lateral perforated heat sinks with highest
porosity at given perforation size provided thermal
resistance (Rth) 45% lowers than conventional plate-fin heat
sinks. In his research paper shows pressure drop at different
Reynolds numbers (Re) with a change in porosities at a
given perforation sizes. Shaeri et al. [9] numerical
investigation in Perforations of a kind that small channels
with square cross section are required ordered stream wise
along the fin’s length and their numbers mixed from 1 to 3.
Numbers the action of mathematical calculations are proved
with experimental research of the investigators and good
concurrences were observed. Results show that the fins with
longitudinal pores have worthy of attention heat transfer
improvement in addition to the considerable downgrading in
weight by estimates of the similarities with solid fins. AlSallami et al. [10] propound the heat transfer and pressure
drop of the plate-fin heat sinks with an longitudinal notch,
rectangular perforation and multiple circular perforations.
They come to an end that notch and slot perforations result
in good heat transfer and pressure drop compared to the
circular perforations. Shaeri et al. [11] were studied of
laterally perforated plate-fin heat sinks. The heat transfer
and pressure drop of heat sinks were bestowed with different
numbers and measurements of the rectangular perforation.
Dhanawade et al. [12,13] presented an experimental
investigation of studied on the heat transfer of the plate-fin
heat sinks with lateral square perforations and circular
perforations. Based on untested ideas studied was led by a
guide under the conditions of turbulent and bypass flows. In
that same perforation, the results demonstrated that the fin
effectiveness of square perforated fin is better when
compared to circular perforated fin. Kim et al. [14-16]
presented an experimental investigation of studied on the
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thermal performance of ordinary plate-fin heat sinks to find
the optimum plate-fin thickness. Wu et al. [17] Researchers
presented an experimental investigation has studied the
integration of the volume of the heat sink as a restriction
parameter. Shaeri et al. [18] presented an experimentally
the numbers study of plate-fin heat sinks with rectangular
perforations fin’s along its length. The investigation of
thermal performance heat sinks under the supposition of
laminar and turbulence fluid flow and bypass flow. The
comparison results indicated that the Nusselt number of the
ordinary plate-fin heat sink was greater than that of the
perforated plate-fin heat sink. Jen et al. [19] appreciable
improvements founded by using longitudinal perforations;
with a single perforation heat sink heat transfer rate is
improved up to 80%. Likewise benefits have been described
recently for strip fin heat sinks. Subasi et al. [20]
experimental studied of aluminum (Al) heat sinks with
hexagonal honeycomb fins. Finally he found out the optimal
design parameters of the honeycomb fins in his experiment.
The fin thickness, fin height, attack angle, and longitudinal
pitch these are some variable parameters. In That advanced
model was presented to obtain the optimum design
parameters by considering at higher the Nusselt number at
lower the friction factor.
II.

EXPERIMENTAL SETUP

The experimental setup is illustrated in Fig. 1. Forced
convection heat transfer treatment on the metal matrix
composite (MMC) heat sink is maintained by placing in a
closed duct under standard temperature and pressure (STP)
conditions. A varying of heat flux (q) at 20W to 60 W
was provided. The base temperature of 40°C is maintained
throughout the experimental work before and after heat sink
is measured by resistance temperature detector (RTD) inside
the duct. The temperatures on the surface of the heat sink
are measured using K-type thermocouples and Fluid flow
velocity is measured by using hot-wire anemometer. A
Digital manometer is used to measure the pressure drop
across the heat sink. For the visibility of the internal
instrumentation, the setup is un-insulated on the top. The
duct was made airtight. All the sides are insulated to prevent
heat loss to the surroundings. Table.1 shows the different
instruments used in the present work.
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metal matrix composite (MMC) combination is illustrated in
Fig 3.

TABLE 1. Specifications of Experimental setup
Instruments

Accuracy level

PTC heater
RTD-PT100

±1W
± 0.1%

Heating
Temperature

Hotwire
anemometer
K
–
type
thermocouple
Digital multi meter
Duct(Area
is 0.001125 )

± 0.1%

Wind velocity

± 0.5%

Temperature

40ppm

Power
Experiment

Blower

± 0.1%

Wind generator

III.

Use

Fig 3.The CAD model of a Metal matrix composite
(MMC) heat sink

PROPERTIES OF MATERIAL

Al micro-particles size ranging from 45-50 µm and AlN
micro-particles size running 150-20 µm were utilized to
prepare metal matrix composite (MMC) test specimens. In
Fig 2(a) the scanning electron microscope (SEM) images for
AL and in Fig 2(b) ALN micro- used in this study and were
taken in the ratio of 87.5% Aluminum (Al) 12.5%
Aluminum nitrate (AlN) properties are represented in Table
2.

(a)

For the designed models whose Lateral perforated-ﬁnned
heat sink (LA-PFHS) which are represented in Fig. 4(a),
4(b) and 4(c), the codes such as G-codes and M-codes
required for fabrication of the metal matrix composite
(MMC) heat sinks prototypes by using CNC milling
operations are developed using Solid works CNC package.
On the 90 X 90 X 30 mm3 stir cast rectangular GI – metal
matrix composite (MMC) bars the CNC milling operations
are done to fabricate prototype metal matrix composite
(MMC) heat sinks as per the designs carried out in Solid
works. Fig. 4(a), 4(b) and 4(c) represent the lateral views
and dimensions of the modeled heat sinks for the Sakkarin
et al. [2], model II and model III.
Illustrates the CAD model of laterally perforated heat sink
(LA-PFHS) with two rows of perforations in this study.
Heat sinks were made of aluminum nitrate (AlN), and
included 10 parallel channels (11 ﬁns) with the ﬁn thickness
at 2.10 mm, and the channel length, height, and width at 42
mm, 17.9 mm, and 1.89 mm, respectively. The thickness of
the heat sink base was at 3.10 mm. circular cross sectional
perforations were fabricated on the lateral surfaces of the
ﬁns through the electrical discharge machining technique.
Totally, 3 heat sinks were used in this study, which their
geometrical parameters are summarized in Table 1.
Experiments were performed using two perforation sizes at
diameter 4 mm, thickness of the circular hole is 2.10 mm
and hole to hole horizontal and vertical distance is 6 mm.

(b)
Fig 2.Scanning electron microscope (SEM) of (a)
Aluminum (Al) (b) Aluminum nitrate (AlN)
TABLE 2.Properties of Materials
(a)
Density

Young s
Modulus

coefficient
of
Thermal

Thermal

Specific

(gm/cm3)

(GPa)

expansion

Conductivity

Heat

(W/m-K)

(J/g-K)

(10-6/°C)

Group

Aluminum
(Al)
Aluminum
nitrate
(AlN)

2.7
2.762

69
94.07

24
21.063

237
254.621

0.9
0.879

(b)

A. Fabrication of metal matrix composite heat sink
The CAD model of a heat sink and to carry
experimentation on the heat sink models with proposed
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Where the velocity of air inside the channel is given Vf ,
represents kinematic viscosity and hydraulic diameter Di is
calculated by

Di 

4 Ac
Pc

4

Where Pc is represents perimeter of the flow channel and
(c)

cross-sectional area of the channel is Ac .

Fig 4.The lateral views dimensions of (a) Sakkarin et al.
[2] (b) Model II (c) Model III

The pumping power (Pm) is calculated from the total
volumetric flow rate in the heat sink is and the pressure
drop ( P ) is measured using differential manometer.

TABLE 3.Geometrical information of the perforations
associated with the different heat sinks in this present
study
Size of
fin

SI
n
o.
1

Types
of fins

2

Sakkari
n et
al.[2]
With
circular
perforat
ion
(model
–II)
With
circular
perforat
ion
(model
–III)

3

(l *
b*h)
mm
42x42x
21

42x42x
21

N
o.
of
fin
s

Diamete
r of
perforat
ion

11

-----

Thickn
ess of
fin

(D) mm

Width
of
perforat
ion

Pm  qc P

C. CFD Governing Equations

(W) mm



11

4

2.1

2.1

------

2.1

-----

11

4

2.1

2.1

4

Where ρ

(TB ,avg.  T f ,avg. )

2

Q

Where the heat sink base temperature is given by TB ,avg. and

T f ,avg.

represents average air temperature. The Reynolds number (Re) is given
as

Re 

V f Di
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3

density and ν velocity of the fluid.

Momentum Conservation Equation:

v 
[
 ( v .) v ]  f
T

B. Validation of experiments
Thermal resistance (Rth), heat transfer rate (Q), and
Reynolds number (Re) are the parameters used as
performance evaluation indicators in the thermal evaluation
of metal matrix composite (MMC) heat sink. The heat
transfer rate from metal matrix composite (MMC) heat sink
to surrounding air (Q) is given by
m *Cpf (T (f out)-T (f in))
1

Re 

6



8

Where Cpf is air specific heat m is air mass flow rate, Tf in
and Tf out are average temperatures at inlet and outlet
respectively. The metal matrix composite (MMC) heat sink
thermal resistance (Rth) is determined by

Mass Conservation Equation (Equation of
continuity):

P
 .( v )  0
T


42x42x
21

5

No.
perforati
ons in
each fin

7

Where f = external force/ unit volume and f acts on
the material volume.


Energy Conservation Equation:



( e)  .[ ve]  .( hi J j )  Sh
j
T

IV.

8

RESULTS

To evaluate the signification of the forced convection heat
transfer in the present experimental work. The Reynolds
number (Re) is the ratio of inertia force to viscous force, is
the calculated for individual heat sinks. Although all the
heat sinks were tested at the same input blower voltages,
different wind velocity in the heat sinks resulted in various
mass flow rates and in turn, a different range of Reynolds
numbers (Re), as observed in Fig 5.It can be seen that the
mass flow rate of air inside the rectangular duct section
increases gradually as the wind velocity changes from 1 m/s
to 4 m/s.
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The mass flow rate of air inside the rectangular duct
shows turbulence characteristics as the Reynolds number
(Re) varies from 2055.5 to 8222 during experimentation.

7.Despite the drawback of increased pressure drops by
Lateral perforated-ﬁnned heat sink (LA-PFHS), these
cooling systems experience a higher range of Reynolds
numbers(Re). This indicates that by Lateral perforatedﬁnned heat sink (LA-PFHS)is potentially promising cooling
devices gradually increase in pressure drop with respect to
increase in Reynolds number ( Re )can be observed for the
prototype metal matrix composite (MMC) heat sink models.
The Sakkarin et al.[2] heat sink the highest pressure drop of
941Pa at Reynolds number (Re) equal to 8222. Whereas at
Reynolds number (Re) equal to 8222 the pressure drop
exhibited by model II is equal to 909 Pa and by the model
III is equal to 897 Pa. Due to the lateral piercings, the
pressure drops reduced for model II and model III heat sink
prototypes.

Fig5. Variation of Reynolds number (Re) and mass flow
rate with respect to wind velocity
Heat sink thermal resistances (Rth) due to changes in the
Reynolds number (Re) at a given perforation size are
illustrated in Fig 6.Generally, LA-PFHSs are promising
cooling devices to reduce thermal resistances (Rth) at a given
Reynolds number (Re). However, for designing such
efficient metal matrix composite (MMC) heat sinks a
detailed understanding of the roles of key geometrical
parameters. It can be seen that the Sakkarin et al. [2] heat
sink highest thermal resistance (Rth) of 6.3289 K/W at
Reynolds number (Re) is equal to 2055.5. Whereas at
Reynolds number (Re) equal to 2055 the thermal resistance
(Rth) by model II is equal to 2.1765K/W and by the model
III is equal to 1.2871K/W. The least thermal resistance (R th)
by the model III at Reynolds number (Re) equal to 8222
which is equal to 0.1789K/W. Whereas at Reynolds number
(Re ) equal to 8222the thermal resistance (Rth) by model II is
equal to 0.1960K/W and by the model having Sakkarin et
al.[2] is 1.2871K/W.

Fig 7.Pressure drop - Reynolds number (Re)
The pumping power is the power required to drive the
ﬂow across the heat sink, and is one of the key parameters
for designing an active cooling system, as such an increase
in the pumping power may hinder using the cooling device
regardless of its improved thermal performances Therefore,
in order to provide a practical insight about the advantages
of thermal performances of Lateral perforated-ﬁnned heat
sink(LA-PFHS)s are presented as functions of pumping
powers instead of Reynolds numbers (Re) throughout the
study. The pumping power for the three models considered
in the study is calculated using equation (5) and were plotted
against Reynolds number (Re) in Fig. 8.The pumping power
increases gradually as the pressure drop increases with
respect to increase in Reynolds number (Re) for the metal
matrix composite (MMC) heat sink models. At Reynolds
number (Re )equal to 2055.5 the pumping power values for
the sakkarin et al.[2] Model, Model II and model III are
0.2475 W, 0.2156 W, and 0.2013 W whereas at Reynolds
number (Re )equal to 8222 the pumping power values are
4.0463W, 3.9087W, and 3.8571W.

Fig 6.Thermal resistance (Rth) – Reynolds number (Re)
The pressure drop founded by using differential
manometer against Reynolds number (Re) in the
experimental analysis for the proposed prototypes of metal
matrix composite (MMC) heat sink are plotted in Fig.
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V.

FLOW BEHAVIOR

D. Aluminum heat sink VS aluminum nitrate heat sink

The air flow behavior inside Lateral perforated-ﬁnned
heat sink (LA-PFHS) is demonstrated with velocity vector.
From the simulation results, the flow visualizations are
presented in fig 9.As we can see, the flow impinging to the
heat sink creates one vortex which occurs because of the jet
impingement with the heat sink base. Relatively higher
velocity results in a larger vortex for the heat sink.

Fig.11 Thermal resistance (Rth) vs. Reynolds number (Re)
(Al and AlN Solid fin heat sinks)

(a)

(b)
Fig.12 Thermal resistance (Rth) vs Reynolds number (Re)

(Al and AlN Less perforations fin heat sinks)

Fig 9.Flow recirculation in the lateral perforations for
(a) Model II (b) Model III

(a)
Fig.13 Thermal resistance (Rth) vs Reynolds number (Re)
(Al and AlN More perforations fin heat sinks)

(b)

Fig.11, Fig.12and Fig.13 shows that the Aluminum (Al)
heat sink and aluminum nitrate (AlN) heat sink was thermal
resistance (Rth) variations with respect to Reynolds number
(Re). Fig .11The aluminum nitrate solid fin heat sink thermal
resistance is 0.3615 (K/W) less than the aluminum solid fin
heat sink thermal resistance (Rth) is 0.6327 (K/W) at
maximum Reynolds number (Re ) 8222. Similarly Fig.12
aluminum nitrate (AlN) heat sink thermal resistance (Rth) is
0.196 (K/W) less than Aluminum (Al) heat sink thermal
resistance (Rth) is 0.4256 (K/W) at maximum Reynolds
number (Re ) 8222 and third Fig.

(c)
Fig 10.Velocity contour for (a) sakkarin et al. [2] (b)
Model II (c) Model III
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13 shows aluminum nitrate (AlN) heat sink thermal
resistance is 0.1789 (K/W) less than Aluminum (Al) heat
sink thermal resistance is 0.3772 (K/W) at maximum
Reynolds number(Re ) 8222. In this three graphs Reynolds
number (Rth) varied approximately and thermal resistance
(Rth) decrease in the heat sink while thermal conductivity is
increase.

heat sink Pressure drop is 899 P a at maximum Reynolds
number(Re ) 8222.and as shown in Fig.16 more perforations
heat sink Pressure drop is 897 P a aluminum nitrate (AlN)
heat sink greater than aluminum(Al) heat sink Pressure drop
is 882 Pa at maximum Reynolds number(Re ) 8222. In this
three models Reynolds number very small variations
accured on aluminum nitrate (AlN) and aluminum (Al) less
perforations fin heat sinks.

Fig.14 Pressure drops vs. Reynolds number (Re)
(Al and AlN Solid fin heat sinks)

Fig.17 Pressure drops vs. Reynolds number (Re)
(Al and AlN Solid fin heat sinks)

Fig.18 Pressure drops vs. Reynolds number (Re)
(Al and AlN Less perforations fin heat sinks)

Fig.15 Pressure drops vs. Reynolds number (Re)
(Al and AlN Less perforations fin heat sinks)

Fig.16 Pressure drops vs. Reynolds number (Re)
(Al and AlN More perforations fin heat sinks)
As shown in Fig.14, Fig.15 and Fig.16 the relationship
between the pressure drop and Reynolds number (Re) are
investigated with aluminum (Al) and aluminum nitrate
(AlN) heat sinks. Based on three graphs pressure drop
variations in the laterally finned heat sinks as shown in
Fig.14 the aluminum nitrate (AlN) solid fin heat sink
Pressure drop is 941 Pa greater than aluminum (Al) solid fin
heat sink Pressure drop is 934 Pa at maximum Reynolds
number(Re ) 8222.similarly Fig.15 shows Less perforations
fin heat sink aluminum nitrate (AlN) heat sink value is
909Pa greater than aluminum (Al) Less perforations fin
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Fig.19 Pressure drops vs. Reynolds number (Re)
(Al and AlN More perforations fin heat sinks)
As shown in above Fig.17, Fig.18 and Fig.19.variation
of pumping power with respect to Reynolds number
experimentally investigated with aluminum (Al) and
aluminum nitrate (AlN) heat sinks. Pumping power
variation depends on velocity of flows and as shown in
Fig.17 pressure drop values consider solid fin heat sink
aluminum nitrates (AlN) heat sink pumping power is 4.0463
W greater than aluminum (Al) heat sink Pumping power is
4.0001W at maximum Reynolds number(Re ) 8222.
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similarly shown in Fig.18 Less perforations fin heat sinks
aluminum nitrates (AlN) heat sink pumping power is 3.9087
W greater than aluminum (Al) heat sink pumping power is
3.8425W at maximum Reynolds number (Re ) 8222 and
Finally shown in Fig.19 More perforations fin heat sinks
aluminum nitrates (AlN) heat sink pumping power is
3.8571W greater than aluminum (Al) heat sink pumping
power is3.7444W at maximum Reynolds number(Re ) 8222.
The three models maintain is velocities 0.0043 m3/s at
maximum Reynolds number 8222. The aluminum nitrates
(AlN) and aluminum (Al) heat sink flow velocities is same.
VI.

3.
4.
5.
6.
7.

8.

9.

CONCLUSION
10.

Under turbulent flow regimes and at forced convection
heat transfer characteristics of stir cast metal matrix
composite (MMC) prototype heat sinks prepared by CNC
machining were evaluated experimentally at Reynolds
number (Re) ranging from 2055.5 to 8222. Model III heat
sink prototype showed improved thermal characteristics
than model II and the heat sink model having Sakkarin et
al.[2]. The thermal and mechanical properties of metal
matrix composite (MMC) were density is increased 2.296%
and the young’s modulus increased 36.5 % from which it
can be observed that unlike Aluminum (Al).The metal
matrix composite (MMC) stir cast easily manufactured by
simple techniques. The coefficient of thermal expansion
(CTE) of metal matrix composite (MMC) reduced 8.4% and
specific heat 1.897% less than Aluminum (Al) respective
properties. Finally, the thermal conductivity is enhanced by
11.74% for metal matrix composite (MMC) than Aluminum
(Al).This increment in thermal conductivity (K) and
pressure drop-in coefficient of thermal expansion (CTE) and
make it compactable for low coefficient of thermal
expansion (CTE) for electronic parts cooling. The model III
prototype metal matrix composite (MMC) heat sink
proposed in this study shows a decrease in thermal
resistance (Rth) by 50.51 % compared to the heat sink model
having Sakkarin et al.[2].The flow recirculation caused the
increase in heat transfer rate and a decrease in thermal
resistance (Rth) for the model II and model III. For heat
sinks, thermal resistance (Rth) reduction leads to
enhancement in the heat transfer. Correspondingly, the heat
sink’s efficiency and effectiveness will also increase. From
this study, it can be evaluated through the combination of
Aluminum (Al) with Aluminum nitrate (AlN) increases
density of the resultant metal matrix composite (MMC) the
lateral piercings helps to maintain the weight of the designed
heat sinks for respective applications and will be promising
and compactable with low coefficient of thermal expansion
(CTE) electronic and avionic instruments and the heat sinks
that work effectively can be manufactured.The proposed
metal matrix composite (MMC) perforated ﬁns in this study
signiﬁcantly enhances the heat transfer rate.

2.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.
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