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With the advancements in electronic systems, efficient cooling has become an exciting task in thermal
grounds. For optimum working conditions of electronic systems energy-efficient a heat sink is used. In the
present paper, thermal simulation is carried out on two different profiles of existing heat sinks used in the
processor. Six different cases were studied and compared namely natural and forced convection on circular
and rectangular heat sinks with and without FGM (Functionally Graded Materials.) Conventional material
aluminium alloy 6061 and functionally graded material AISi10Mg are used to understand the variation of
temperature of the heat sink by applying the necessary boundary conditions for the heat sink profile. The
energy model and finite volume method have been used for investigation using ANSYS software. In compar-
ison between the two heat sink profiles, it is witnessed that the circular heat sink dissipates more heat. From
the thermal analysis, it is found that using FGM will improve the heat transfer rate, and the temperature
variation is found to be 3°C in comparison with conventional material because FGM is inhomogeneous ma-
terials consisting of two or more materials.
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1. INTRODUCTION

In Heat sinks made from functionally graded mate-
rials (FGM) were developed [1] as a means of increasing
the heat dissipation efficiency of electrical mechanisms.
The general view of FGMs has been explained by
Rasheedat M. Mahmood et al. [2]. The term "function-
ally graded material" refers to one of the sophisticated
materials whose qualities vary with changes along its
dimensions. El-Wazery et al [3] carried out an extensive
study on functionally graded ceramic-metal composites.
Unwanted reflections at the interface, poor adhesion,
and stress singularities caused by mismatched elastic or
thermal properties may all be avoided with FGMs. FGM
materials have been researched [4] to establish a suita-
ble mathematical model for thermal conductivity. Based
on the precise evaluation study for the various manufac-
turing processes, and then an appropriate FGM combi-
nation was identified for each specific application.
Metal-ceramic FGM was studied [5]. Metal-ceramic
composites were studied as to how they can be utilized
as functionally graded materials for specific purposes.
FGM's processing approaches and processing techniques
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were studied by different researchers [6-7]. Accom-
plished extensive exploration of FGM, and the findings
of their investigation were compiled into a book [8]. A
study [9] brought into being with the intention of the
modulus of elasticity Al-Si alloy was increased by using
co-continuous structures in the matrix. Material matrix
thermal expansion and conductivity and heat sink appli-
cation investigated the thermo-mechanical properties of
permeated CuCrZr/W-Cu complex materials and also
copper matrix composite heat sink was a research study
by various investigators [9-11]. The use of CuSiC and
AlSi10Mg metal-matrix composites as electronic con-
struction materials is in demand. Al and Cu have tradi-
tionally been employed as heat sinks; however, they are
currently being replaced by AlSi101Mg and CuSiC
which are more suited to thermal applications [12]. Ma-
terial characteristics and spreading resistance have an
impact on the design of heat sinks [13]. A methodical
heat dissemination model for a variety of heat sink
cross-sections was presented.
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2. PROCEDURE

A heat sink is a thermally conductive device designed
to absorb and dissipate heat from hot components such
as a CPU. Usually, a heat sink is installed inside the fan
to keep the CPM and heat at the desired level. Heat
sinks are made of mono metal or a mixture of different
materials such as FGM. It can be fabricated by different
techniques like Powder metallurgy, Dry processing, Wet
processing, Vapour deposition technique, Sintering pro-
cess, Centrifugal method, etc. These are located at the
top of the processor. Most of the heat sinks have fins,
which help to dissipate heat faster. It can be of different
types such as active and passive heat sinks (Figure 1).
Active heat sink utilizes the power supply and is fan in-
corporated or Peltier cooling devices. Whereas passive
heat sinks don’t have mechanical components and are
made of aluminium. They dissipate heat by the thermal
convection process.

Passive H

Fig. 1 — Heat Sink Modelling Techniques [14]

2.1 Modelling

To increase the heat dissipation process, the heat
transfer per unit time needs to be increased. It can be
augmented either by enhanced heat transfer coefficient
(h) or by providing more surface area (As). The heat
transfer coefficient can be increased by incorporating a
pump or a fan. This method is less feasible as compared
to increasing the Asby attaching fins. A heat sink can be
chosen based on:

1. Thermal resistance Osa
Airflow
Volumetric resistance
Fin density
Fin spacing
Width
Length

N ous W

2.2 Selection of Heat Sink Profiles

In our present work, we have considered two heat
sink profiles of different cross-sectional and different
combinations of materials. These two profiles of heat
sinks are currently used in our computers for cooling the
processor. Aluminium and copper are used as a material
in these heat sink profiles. These heat sink profiles were
experimented on a running computer by attaching a
thermocouple to the bottom and surface areas of the heat
sink and the temperature of these were noted at 10 sec
time intervals. We have designed these two models of
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the heat sink and analysed them with respective mate-
rial properties.

3. MATHEMATICAL PROCEDURE

Here we discuss governing equations, geometry,
meshing details, and boundary conditions required for
the FVM investigation.

3.1 Governing Equations

ANSYS has been used with the following assump-
tions:
1. The heat sink operates under steady-state.
2. No fouling and mal-distribution during flow and heat
transfer.
3. The fluids do not change the phase during the process.
4. The heat sink walls are insulated.
6. k — € model has been used in the CFD simulation.
The governing equations used for the investigation
are conservation of mass, energy and momentum [15].

V(pV) =0
v(pVH):—Vq—zVTMSe
V(pVV)z—Vp+v(ﬂvV)+Sm

3.2 Geometry and Mesh Topology

Figure 2 demonstrates the geometry/ shape of the
heat sink investigated. An element size of Imm (optimal
size) with 1847558 and 1051143 as the number of nodes
was obtained, respectively. The highly skewed elements
in the domain were changed to polyhedral type.

Rectangular Profile

Circular Profile

Fig. 2 — Heat Sink Geometry Overview

3.3 Boundary Conditions

The following boundary conditions were considered
to obtain the numerical solution:
1. Inlet condition: The velocity and temperature specifi-
cation method was used with normal direction velocity
to the boundary.
2. Outlet condition: Outlet pressure condition of zero
Pascal gauge pressure was taken.
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3. Wall condition: The convective heat transfer through
the stationary wall with no-slip condition was consid-
ered.

3.4 Solving and Post-Processing

Various solvers and models considered for the FVM
analysis are the discrete approximation of the volume,
surface integrals of the Navier-Stokes equations, steady
state, pressure-based solver, energy equation, and k-ep-
silon model with standard wall functions have been used
with default settings.

4. RESULTS AND DISCUSSION

In the present work, conventional materials used in
manufacturing the heat sink such as aluminium and
copper are replaced with FGM materials such as Al-SiC
and other FGM materials and are analysed with differ-
ent profiles and orientations to determine the difference
between thermal stresses with different materials. Two
different oriented profiles of the same volume are con-
sidered. The applied thermal heat on the base of the heat
sink is 92 °C which has been obtained during experi-
mental results. In addition, free convection of 10 °C is
added to the analysis process. Two profiles are being
used in this process Circular heat sink profile and rec-
tangular heat sink profile. The numerical investigation
has been conducted and results are reported with proper
justification. Specific properties of aluminium matrix
with silicon carbide (al-sic):

o (Chemical Symbol: Al-Sic
Atomic Number: Tailor-made
Atomic Weight: 63.54
Density: 2.89/cm3
Thermal Conductivity: 200-210 W m-1-K-1
Electrical Resistivity: (20 °C) 30 nQ ‘m

Crystal Structure: Face Cantered Cubic

4.1 CFD Simulation of Circular Heat Sink under
Natural Convection

Simulation of a circular heat sink is performed in the
Ansys software. An original temperature of 23 °C is con-
sidered and the bottom surface of the heat sink is given
a heat flux of 92 °C. The remaining surfaces are provided
with natural convection of 10° C temperature. Figure 3
displays the thermal profile for natural convection
through the circular-shaped heat sink. A minimum tem-
perature of 88.34 °C and a maximum temperature of
92 °C can be observed in the temperature profile.

Fig. 3 — Temperature Profile in Circular Heat Sink: Natural
Convection

JJ. NANO- ELECTRON. PHYS. 16, 03021 (2024)

4.2 CFD Simulation of Circular Heat Sink under
Forced Convection

A starting temperature of 23 °C is provided to the
heat sink circular profile and the bottom surface of the
heat sink is provided with a heat flux of 63 °C. The re-
maining body surfaces are provided with the forced con-
vection temperature.

Fig. 4 — Temperature profile of circular heat sink under forced
convection

Figure 4 displays the thermal profile for forced con-
vection through the circular-shaped heat sink. The min-
imum temperature attained is 58.14 °C and the maxi-
mum temperature attained is 63 °C.

4.3CFD Simulation of Rectangular Heat Sink
under Natural Convection

An original temperature of 23 °C is considered and
the bottom surface of the rectangular profile heat sink is
given a heat flux of 92 °C. The remaining surfaces of the
rectangular heat sink are provided with natural convec-
tion of 10° C temperature. Figure 5 displays the thermal
profile for natural convection through rectangular-
shaped heat sink.

Fig 5 — Rectangular Heat Sink: Natural Convection Tempera-
ture Profile

4.4CFD Simulation of Rectangular Heat Sink
under Forced Convection

A starting temperature of 23 °C is provided to the
heat sink rectangular profile and the bottom surface of
the heat sink is provided with a heat flux of 63 °C. The
remaining body surfaces are provided with the forced
convection temperature. Figure 6 displays the thermal
profile for forced convection through the rectangular-
shaped heat sink. The minimum temperature attained
is 59.19 °C and the maximum temperature attained is
63 °C.
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Fig. 6 — Temperature Profile of Rectangular Heat Sink under
Forced Convection

4.5 CFD Simulation on FGM Circular Heat Sink
under Natural Convection

A numerical study is conducted on a circular heat
sink made up of Al-SiC (FGM). Properties of Al-SiC are
measured and added manually in Ansys with the same
parameters as previous cases (without FGM).

89.705
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87409
%668
.67
| 85.114 Min

Fig. 7 — Natural Convection Results for FGM Circular Profile

Figure 7 displays FGM circular profile natural con-
vection in the heat sink. A minimum temperature of
85.11 °C and a maximum temperature of 92 °C can be
observed in the temperature profile.

4.6 CFD Simulation on FGM Circular Heat Sink
under Forced Convection

A circular heat sink is chosen over a rectangular profile
due to comparatively high heat dissipation. Finite volume
simulation is conducted on a heat sink made from FGM
material Al-SiC. Figure 8 displays FGM circular profile
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sink is done using ANSYS and the results are discussed
below:

1. In the circular heat sink (Al) with Free convection,

the temperature difference found is 3.65 °C.

2. In the circular heat sink (Al) with Forced convection,

the temperate difference is 4.8 °C.
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Fig 8. Forced Convection Results for FGM Circular Pro-
file.

3. In the rectangular heat sink (Al) with Free convection,
the temperate difference is 2.2 °C.

4. In the rectangular heat sink (Al) with Forced convec-
tion, the temperate difference is 3.8 °C.

5. In the FGM Circular Hear sink (AlSi10Mg) with Natu-
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6. In the FGM Circular Hear sink (AlSi10Mg) with
Forced convection, the temperature difference is 8 °C.
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has been considered in comparison to conventional heat
sink materials such as Aluminium, copper. Two different
heat sink profiles of different geometry are selected and de-
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observed that circular heatsink dissipate more heat. Circu-
lar heat sink made of FGM material have given the opti-
mum heat distribution having a variation of 3 °C in com-
parison with conventional materials.
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JociigkeHHsa TEeNJI0OBUX XapaKTEePHUCTHK HAHOMAaTepiaiiB i3 PyHKIIOHAIBHOIO IrPpagaIi€eio qJ1a
HOKPAaIleHOro PO3Cil0BAaHHSA TEILJIa B €JIEKTPOHHUX IMPUCTPOIX
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3 yI0CKOHAJIEHHSAM €JIeKTPOHHUX CHCTEM e(PeKTUBHE OXOJIOIFKEeHHS CTAJIO0 3aXOILIIOIYNM 3aBIAHHAM Ha
TEIJIOBUX Maimanyukax. JJs onTuMasisHuX yMOB poOOTH €JIeKTPOHHMX CHCTEM BUKOPUCTOBYETHCS €HEProe-
dexTuBHUIE pagiaTop. Y poOOTI TEIsIOBE MOZJEIIOBAHHS BUKOHYETHCS Ha JBOX PI13HUX MPO(DIIAX ICHY0YNX pa-
[1aTopiB, sIKl BUKOPHUCTOBYIOTHCS B IIpoliecopl. Byiio BBUeHO Ta IOPIBHSHO IICTH PISHUX BUIIAJKIB, & caMe
IPUPOJIHY TA IPHUMYCOBY KOHBEKINIO HA KPYIJIUX 1 IPpAMOKYTHUX paziatopax 3 FGM (dyuriionansso rpasy-
floBaHMMU MaTepiasiamu) 1 6e3 HUX. 3BUYANHUM aToMiHieBuii ciias 6061 1 PyHKITIOHAIBHO COPTOBAHUHI Ma-
Tepiaa AlSi10Mg BUKOPHCTOBYIOTHCA IJIA PO3YMIHHS 3MIHU TEMIIEPATYPH PAIiaTopa. IIIIX0M 3aCTOCYBAHHA
HeOOXITHUX TPAHUYHHUX YMOB [JIsA Ipodio pamiaTopa. EHepretrnuna Momesb 1 MeTo ] KiHIleBoro o0’eMy Oy
BHUKOPHCTAHI I JOCIIIKEeHHS 3a JOIIOMOron mporpaMuoro 3abesmneduenus ANSYS. IlopiBaano misk mBoma
mpodisiaMu pamiaTopa, BUOHO, IO KPYIVIMA pagiaTop poaciioe OLIbIme Teria. 3 TepMIYHOr0 aHAaji3y BHUSAB-
JeHo, 1o Bukopucranas FGM moxpamuts MIBUIKICTE TEILIONEpeIadi, a KOJIUBAHHS TEMIIEPATYPHU CTAHOB-
1ath 3 °C mopiBHAHO 31 3BUYAMHMM MaTepianoM, ocklibkn FGM e HeomHOPITHUM MaTepiajioM, I0 CKJIaga-
eThes 3 IBOX a00 OlyIbIlle KOMIIOHEHT.

KmiouoBi cnosa: Enexrponni cucremu, DyHKITIOHAIBLHO TrpamyiioBadi Marepiayum, Pamiatop, Temsmosi
XapakTepucTury, IleHTpasbamit Iporecop.
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