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ABSTRACT

The integrated circuits face a huge issue to meet out the cooling demand due to the rapid development in
technology. Several researchers have investigated the different possibility of cooling medium to improve the
heat dissipation in an integrated circuits. Heat sink is a kind of thermal heat transfer device used to dissipate
heat from an integrated circuit (IC) to surrounding due to low cost and reliability in heat dissipation. In this
numerically work, the electronic chip with the heat sink is analyzed to study about the cooling rate, surface
temperature of the chip, reliability and power dissipation of the chip with different heat transfer medium, fin
height and fin thickness. The different heat transfer medium is air, water and engine oil. The ANSYS (v12)
fluent software is used to study numerically about the electronic chip cooling. In this research work, the heat
transfer rate of water is 9.5% greater than air and 1.4% than engine oil at the same Reynolds number is
obtained. The power dissipation is increases up to 1.45% of the fin height 5Smm and heat transfer rate is
enhanced by increasing the fin thickness up to 2.10% in 6mm. However, the lifetime of the electronic chip
with fin height 55mm is 2.06% hrs (day) greater than the fin with 35mm. It is observed that the electronic
chip with water as a heat transfer medium with proper fin height and thickness is highly reliable to enhance
the heat transfer than that of air and engine oil.

Keywords: ANSYS-Fluent; Heat sink; Nusselt number and Fin height.

NOMENCLATURE

temperature of the surrounding ambient

A area (m?) T, fluid

Cp specific heat capacity (Jkg-'k™") t Fin thickness

h convection coefficient (Wm2k!) uyy  velocity component (m/s)

k ﬁgﬁ?{:ﬁggﬁ?ﬂ:’;ty of the heat sink V_  airflow velocity (ms™)

L characteristic length (m) Xi,Xj  coordinates (m)

L fin length w fin width

N number of fins

Nu Nusselt number

Pr Prandtl number Greek letters

Q total heat flow (W) € total, hemispherical emissivity
g" heat transfer flux ( Wm2) 88 dynamic viscosity (kg m-'s-!)
Re Reynolds number A% kinematic viscosity (m?/s)

R thermal resistance (°C/W) P density (kg/m?®)

T temperature (°C) (o] (S;e:fa;g%h;l?ggv;iiiﬁg
To surface temperature of the electronic chip

To environmental air temperature
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1. INTRODUCTION

The rapid developments in the design of compact
electronic circuits have resulted in increase in a
large amount of heat generated per unit volume. In
addition, as the size of the components decreases
then there is a dramatical increase in heat flux per
unit areas.The heat sink is played an important role
to dissipate heat from a high-temperature heat
source to a lower temperature surrounding. It is
notable that the performance of the chip, reliability,
power consumption and lifetime are reciprocally
proportional to the internal temperature. Among
various types of heat sink s, the aluminum heat sink
s provide more reliable and cheapest one to
achieving a large total heat transfer surface area
without excessive primary surface area. Tuckerman
and Pease (1981) revealed that cooling capacities
for liquid cooled 1 x lecm? end-to-end micro-
channel heat sinks of up to 790 W/cm? with an
internal thermal resistance of 0.09 cm? K/W for a
flow rate of 0.6 I/min and a pressure drop of two
bars. Raghuraman et al. (2017) studied numerically
about the enhancement of heat and fluid flow
characteristics in rectangular microchannel heat
sinks (MCHS) based on various aspect ratios. The
working fluid considered for the analysis is water.
The fluid flow and heat transfer characteristics of a
three-dimensional MCHS are obtained numerically
by solving the appropriate governing equations.
Rathanasamy and Kalaivanan (2010) conducted
experiments related to forced convection through
rectangular microchannels. Wong and Ghazali
(2012) simulated a CFD model of a microchannel
heat sink to study fluid flow and heat transfer
phenomena across the MCHS. The channels in their
analytical work were rectangular and made from
silicon. They analyzed the model for flows up to
Reynolds number of 400 and obtained temperature
and heat flux distribution along the channel length.

Naphon and Khonseur (2009) studied about the
pressure drop and heat transfer characteristics along
a microchannel heat sink for constant heat flux
operating condition. They examined the heat
transfer characteristics by varying the length and
width of the microchannel and reported that the
channel dimension has played a crucial role in the
heat transfer characteristics and performance of the
micro-channel heat sink. Raghuraman et al. (2013)
carried out experiments on rectangular high aspect
ratio copper microchannel heat sink using TiO:2
nano fluid as the working fluid and they
investigated the thermal and fluid flow
characteristics across the MCHS. Dharaiya and
Kandlikar (2012) developed correlations for the
Nusselt number for heat transfer in rectangular
microchannels for both developing and fully
developed laminar flows and this technique was
very much useful for the design and optimization of
microchannel heat sinks and other microfluidic
devices.

Currently, liquid electronic cooling methods are
being focused with the different heat transfer liquid
medium. It proposed by nanofluids is being
investigated in electronic cooling systems.
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experimental analysis the effect of Al203 nano fluids
in the heat exchanger and reported that being Al203
nano fluids are better than the alternative liquid
coolant water.

Xie et al. (2009) carried out a numerical study in
the mini-channel heat sinks to study the heat
transfer characteristics of laminar flow. They
optimized the geometry using water as the working
fluid for effective heat dissipation and lesser
pressure drop. Liu and Garimella (2004) conducted
an experimental and numerical study on the flow
field and pressure drop for water in rectangular
microchannel. Their results show that the
conventional ~ correlations  provide  reliable
predictions for the laminar flow.

Li and Byon (2015) experimentally and numerically
studied on the orientation effect for a radial heat
sink with a circular base, concentric ring, and
rectangular fins. They investigated the effects of
orientation angle with respect to gravity, various
geometric parameters (fin number, fin length, fin
height, and height of the base), Elenbaas number,
on the Nusselt number. Their results showed that
the influences of fin number and fins length on the
orientation effect are significant, whereas the fin
height and base height are slightly insignificant.
Srinivasan (2017) studied and analysed about the
missile with grid fins and the effect on flow drag
using ANSYS. Godwin (2017) and Lakshmanan
(2017) investigated about the optimum parameters
for obtaining the best performance using alternate
fuels of IC engines working under the current
cooling system using Nanofluids.

It is clear from the literature survey that, little work
has been done on the cooler heat sink in the sense of
water, and air heat dissipation analysis based on
aspect ratios. In this study, heat transfer of a heat
sink used in the electronic chip is investigated
numerically and variable convective heat transfer
coefficient with the different aspect ratio is studied.
The effect of internal heat generation and radiation
from heat sink with respect to the change of
thickness and height is investigated. Therefore, in
this research work thermal performance of the
cooler heat sink is carried out by using ANSYS-
Fluent Software and replacing the conventional heat
sink to meet out the objectives: a) to investigate
numerical studies on Nusselt and Reynolds number.
b) To study the heat dissipation capacity of the
cooler heat sink with respect to aspect ratios of fins.
¢) To analyze and calculate the reliability and power
consumption of electronic chip based on the cooler
heat sink.

2. DESIGN CONCEPT OF THE 3D
HEAT SINK MODEL

Fig.1 shows the schematic representation of the
cooler heat sink studied in the present work. The
cooler heat sink with the length 49 mm and width of
45 mm and a total height of 29 mm is simulated
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along with one inlet and outlet. In this work, the
thermal performances of cooler heat sinks with cooler
sections using air, water, and engine oil as heat
transfer fluid are studied numerically to investigate
the effects based on different heat transfer boundary
conditions. Base plate thickness, fins thickness,
length, and width is accounts for the uniform
distribution of heat through the base of the heat sink
since electronic chips are littler than the heat sinks.

Kandasamy et al. (2008) investigated a phase change
material (PCM)-based heat sink in the transient
thermal management of plastic quad flat package
(QFP) electronic devices experimentally and
numerically. Their Results showed that increased
power inputs enhance the melting rate as well as the
thermal performance of the PCM-based heat sink s
until the PCM is fully melted. The heat transfer
mechanism of the heat sink is to conduct heat from
the top surface of chip to the base of sink by its
thermal conduction and then dissipate heat to the air
by the effect of thermal convection or convection-
radiation. Lober (1999) reported the use of CFD
thermal modelling software in thermal management
which optimally integrated the design and reduced
the design cycle time. Chang et al. (2000) studied the
30W socket CPU of a desktop computer to cool with
minimum air flow rate and heat sink size. Sivakumar
et al. (2017) observed that the ventilation problems in
rooms with different shapes of inlets, outlets and
heights can be solved effectively by using numerical
calculations and CFD software.

Fins

PCB

- Cooler
X Jf' x
k J o Inlet
Chip
Fig. 1. Schematic diagram electronic chip with

heat sink s

In this study, the base heat sink has seven fins with
a 20mm height. In general, the heat sink is made
from either aluminum or copper but also made from
other metals such as silver and steel. The thermal
conductivity of each material is different from each
other, based on this the heat conduction
performance also varies from high to low, silver,
copper, aluminum, and steel. In addition to that, the
usage of silver and copper as heat sink would be too
expensive and thermal conductivity of steel is very
low. The heat sinks has a fin height of 20mm,
35mm, 40mm, 45 mm, 50 mm, and 55 mm. The fin
thickness is 2mm, 5 mm, 7 mm, 8 mm and 10 mm
respectively and spacing was kept constant at 3mm.
Fig.2 and fig3 show the schematic cooler heat sink
with 20mm and 50mm fins.The rectangular cooler
box with an inlet and outlet is fixed in the base of
the heat sink have dimensions of 39mm x
45mm.This rectangular cooler box is used to
transfer the heat from the top of the chip to the
surrounding through convection methods.
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Fig. 2. Schematic diagram of heat sink with
20mm fin height

o 20,00 {erer)

2000

Fig. 3. Schematic diagram of heat sink with
50mm fin height.

The Mesh analysis of cooler heat sink with 20mm
and 50mm is shown in fig 4and 5.Here, the mesh
analysis is carried out to obtain a suitable mesh size
and grid, to provide an accuracy output with respect
to computational time. After the determination of
mesh, the boundary conditions are applied in the
model design to obtain the accurate results.

20mm.

Fig. 5. Mesh structure of cooler heat sink for

50mm.
21 Governing equations

The Governing continuity, momentum and energy
equations for the fluid can be written as:
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The heat flow is mathematically givens as

Q =—-KAdT/dx “)

Where, Q-W(Watt), A-m?, d T- °C or K

The flow is due to the buoyant forces caused by the
change of temperature in the fluid body, then the
methods are known as free or natural convection.

Heat flow,

Q-hA(T-T,) =%

5)
1/hA

The term 1/hA is called convection resistance to
heat flow. The heat transfer coefficient h is
calculated by

Q

. x 6)
A(T1 - Tz )

h:

The fin tip can be assumed to be adiabatic, and the
condition at the fin tip can be expressed as

%:0 at x=L
dx

0

The rate of heat transfer from the fin can be
determined from Fourier’s law of heat conduction

Qadiabatictip =+ hpkA (Tb -T, ) tanh mL (8)
Convection from fin tip is
Qadiabatictip =

inh mL h/ mk h mL
Jron (7, )t [mk)eoshmL

cosh mL + () sinh mL

mk
Q =
inh mL + ( h/ mk h mL

N (kacnag) S (B/mJeoshm

h
coshmL + () sinh mL
mk

From the equation 10, the heat flow rate from the
fins tip is calculated.

The fin with finite insulated tip is calculated using
Q= N(kAcnAt) tanh (nL) an
22

The boundary conditions are given as inputs for the
model in ANSYS — CFD Simulation. The flow of
fluid is based on laminar and the corresponding

Boundary Conditions

48

boundary conditions are given below. The coolant
is used in this numerical calculation through the
inlet is air, water, and engine oil and its
corresponding  thermo-physical properties are
obtained at various temperature.

1. The water or air or engine oil enters the heat sink
with constant and uniform velocity.

2. The initial temperature is 26.8°C.

3. A uniform heat flux is assigned to the bottom
wall surfaces from the chip.

4. In the model, the no-slip boundary condition is
assigned to all the surfaces.

Rasouli et al. (2015) suggested that the heat transfer
and pressure drop of single-phase liquid flow is
characterized in eight micro pin fin heat sinks with
varied pitch and aspect ratios. The result shows that
correlation for the unsteady regime significantly
decreased dependency of Nusselt on the Prandtl
number compared to the non-vortex-shedding
condition.

t
-+
Fin
h W

cooler

™ Chip

Fig. 6a. Heat sink fin with convection at thetip
and geometric representations.

l - Insulated tip

Fig. 6b. Fin with Insulated tip
3. RESULTSAND DISCUSSION

Numerical studies were carried out for different aspect
ratios corresponding to the length, thickness, and width
of the fins. In this numerical validation study, the
geometric parameters such as length, width, and
thickness are shown in fig.6a.Fig 6b shows that the fin
with insulated at the end of the tip. In case of the forced
convective heat sink, the thermal performance of heat
sink is known to non-linearly change as the fin height
increases, because the fin efficiency significantly
changes as the fin height changes. However, in case of
natural convective heat sinks, the fin efficiency is
nearly unity, regardless of the fin height due to the low
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heat transfer coefficient (2016).According to this the
thermal performance of natural convective heat sink
almost linearly increases as the fin height increases.

In general, the heat sink is usually made up of
either copper or aluminum. These materials allow
heat to pass through quickly and are used
because they have many desirable properties for
thermally efficient and durable heat exchangers.
The heat dissipation is more based on the change
of length and thickness as shown in fig 7. This
indicates that the heat dissipation rapidly
decreased as the fin thickness increased. The fin
height has a little influence on the temperature of
the cooler heatsink. The thermal performance of
the heat sink linearly increased as the fin height
increases.

1600 T T T T

1400 4

1200 4

1000 4
800+

600 4

Heat Flow (Q)

400

200 T~
o e
-—
i H e
0 - - : r T T T T
35 40 45 50

Length of Fins (mm)
Fig. 7. Effect of heat flow based on an increase of
finslength with a change of thickness.

Fig 8C. shows the rate of heat transfer from the
fin decreased with increasing of fin thickness.Fin
subjected to convection with and without
insulated tips is shown in fig 8(a).As shown in
fig 8(b), the heat transfer has an improvement
with insulated tips compare to the actual fins
with convection at the tips. Waleed Al-Sallami et
al. (2016) studies show that perforating the strip
fins provides an effective and practical means of
enhancing heat transfer yet further with
additional, significant benefits in terms of
reduced pressure losses and heat sink mass and
materials consumption.

Mohan and Govindarajan (2011) investigated
about the number of fins and their distribution,
fin material and base plate thickness for
enhancing the heat dissipation rate from CPU.
They concluded the results with the help of CFD
simulations. Due to the limited space of a heat
sink in a PCB Board, it is not possible to increase
too much height of the heat sink. So, the base
plate is included in heat sink to enhance the heat
dissipation rather than increasing the height of
heat sink.

The performance of the heat sink is improved by
increasing the thickness of fins in an alternative of
increasing the number of fins as pointed by Mohan
and Govindarajan (2011).
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Fig. 8. (C) Influence of heat flow rate based on
the aspect ratio of length and thickness of fin
with constant width.

It’s seen from fig 10 that the thermal resistance of
the heat sink decreases with increase in fin length
due to the enlarged extended surface area. In
addition to that, the thermal resistance is
comparatively larger compared to the less thickness
of fins. Al-Damook et al. (2015) reported that the
use of multiple pin perforations can have substantial
performance benefits by enabling the heat transfer
to be increased while at the same time reducing
both the pressure drop across the heat sink and fan
power needed to pump the air through them.

It can be seen in fig 11, the Nusselt number increase
when the Reynolds number increases and the
corresponding flow of velocity of fluids are also
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calculated. The figure shows that the Nusselt
number of water reaches a maximum value of 591.8
when the Reynolds number is at maximum value.
The total heat dissipation in heatsink by air is 2%
lesser than other two types of fluids, because of
lesser Nusselt number which indicates poorer
convective heat transfer.
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Fig. 9 a. Schematic diagram of the heatsink with
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Fig. 9 b. Schematic diagram of heatsink with
20mm height fins.
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Fig. 10. Thermal resistances of finswith respect
to thickness.
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Fig. 11. Variation of the Nusselt number at the
heat sink with Reynolds number.

Numerical results show that the variations of heat
dissipation in the heat sink are depended on the

50

flow velocity of air, water, engine oil from 0.2m/s
to 1.5m/s as shown in fig 12. The heat generation in
the electronic chip is simulated by the uniform heat
flux at the bottom wall.
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Flow Velcoity (m/s)
Fig. 12. Variations of chip surface temperature
based on the different flow velocity of air, water,
and engineail.

The high flow velocity was able to improve the heat
transfer performance of the cooler heatsink. This
shows that the nusselt number increases with an
increase of flow velocity and heat transfer rate of
the heat sink also gradually increase.
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Fig. 13. Power consumption based on fin length.

It’s found from Fig. 13 that the numerical studied
shows that the power dissipation and reliability of
electronic chip is more when the fin height is
increased. It is observed that the performance of the
heatsink in an electronic chip is increased by
increasing the thickness and height of fins instead
of increasing the number of fins because of better
air flow path between the fins.

4, CONCLUSION

In this research work, the cooling performance of an
electronic chip is studied with different fin
thickness and length by using ANSYS —Fluent
(v12).The cooling rate, chip surface temperature,
power dissipation and reliability of chip are
compared with air, water, and engine oil as heat
transfer medium. It is observed that the heat transfer
rate of water is 9.5% greater than air and 1.4% than
engine oil at the same Reynolds number. The power
dissipation increases up to 1.45% of the fin height
55mm and heat transfer rate is enhanced by
increasing the fin thickness up to 2.10% in 6mm.
However, the lifetime of the electronic chip with fin
height 55mm is 2.06% hrs (day) greater than the fin
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with 35mm. It is observed and concluded that the
electronic chip with water as a heat transfer medium
with proper fin height and thickness is highly
reliable to enhance the heat transfer than that of air
and engine oil.
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