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Abstract; This research contributes significantly to understand the thermal management capabilities of Plate Fin Heat
Sinks (PFHS) fabricated from AlSil0Mg. The uniqueness in this study is that the heat sinks were exposed to abrasive
blasting, heat treatment, and graphene coating, and a full evaluation of the influence of the aforementioned treatments on
the thermal management capacities of PFHS was found. Untreated PFHS is compared with 1) abrasive blasted and
graphene coated heat sink, and 2) heat treated and graphene coated heat sink. To assess the thermal efficiency of the
PFHS variants, a dedicated experimental set up was meticulously constructed. It is noteworthy that a junction temperature
of 60 C was assumed as the reference point for the analysis. The results revealed that the charging cycle time which
denotes the time required attaining the junction temperature, increased 1.3 times for the sample being abrasive-blasted at
0.5 MPa pressure and graphene-coated for 0.5 mm when the maximum heat input of 45 W is evaluated. When low heat
input of 15 W is evaluated, the results revealed that there is no significant difference in charging cycle when compared to
the untreated heat sink. The charging cycle time increased 2 times for the sample which is heat-treated at 450 C and
graphene-coated for 0.5 mm at heat input of 15 W. This finding unequivocally underscores the heightened capacity of the
heat treated and graphene coated PFHS made of AlSil0Mg to withstand elevated junction temperatures.
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0 Introduction
Better thermal management is necessary to
increase the reliability of electronic components. Heat

‘Y The main

sinks help in thermal management
difficulty is to maximize thermal efficiency while
using a lighter heat sink. Weight reduction is important
in applications like aerospace. A superior option is the
passive heat sink, which needs less maintenance* .
Despite significant advancements in heat sink creation,
the thermal control of integrated and tiny devices
presents challenges mostly because of rising power
densities'®’. Coating is a potential approach to enhance

4]

substrate surface characteristics' Heat dissipation

efficiency of a component can also be improved by
coating"*’.

properties'® .

Graphene has excellent heat conduction

Among the materials available,
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suspended single layer graphene has the highest heat

conductivity .

Because of graphene’s remarkable
characteristics, it can be employed to considerably
of heat

coating'® . Immersion coating is very cost-effective for

improve thermal performances sink by

thin film coating'®’. Direct apply and cure method is
also widely used in experimental research''” .
Extensive research has been conducted in recent
years to assess the appropriateness of graphene for
applications such as nano fillers, thermal interface
materials, and heat sinks'''™"*'. Numerical simulation
done to understand the effects of adding MWCNT
nano particles with paraffin and coupling it with fins
significantly enhanced heat transfer and helped in
effective thermal management of photovoltaic thermal

L157161 Photovoltaic thermal system is essential

system
to generate electricity and to save heat in a sustainable

way. The utilization of confined jets and turbulators to
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cool the PV cell proved to be effective in maintaining
the panel temperature' ' .

Free convection cooling in electronic devices
widely uses finned aluminium surfaces. Particularly
the rectangular fins projecting from the rectangular
bases are the most popular one and applied in many
electronic devices. The reason behind the choice is
that rectangular fins provide trouble-free and cost-
effective solution for thermal management issues ' .
The orientation of the fins has a significant impact on
the quality of heat transmission. Vertical plate fins on
flat horizontal base provide excellent heat dissipation

capabilities "

. Taguchi experimental design can be
utilized to evaluate the influence of height, width,
stream wise and span wise spacing on the heat
dissipation efficiency of the heat sink'*’. Surface
preparation procedures, for example sand blasting,
considerably enhanced mechanical qualities, but little
is known about their impact on thermal conductivity
enhancement'”'’. Aluminium oxide, silicon carbide,
and quartz abrasives can be employed in the sand
blasting process to impart the desired level of
roughness to the treated surfaces'*>*'. The goal of this
analysis is to assess the effect of abrasive blasting,
heat treatment, and graphene coating on the heat
dissipation capabilities of plate fin heat sinks made of
AlSilOMg. Using experimental analysis, the most
influential factor for heat transfer augmentation under

natural convection conditions was discovered.
1 Material and Methods

1.1 Material

The coating substance was a combination of
acrylic resin and graphene. Graphene ( purity 99%,
thickness 5-10 nm, bulk density 0.1g/cm’, average
lateral dimension 10 wm) was supplied by Adnano
labs, Machenahalli, Karnataka, India. Acrylic resin
and hardener was supplied by AMK polymers,
Chennai, India. Heat sinks fabricated from Aluminum
plates (AlSilOMg, Pratham traders, Chennai, India)
were employed as the coating substrate.

Plate fin heat sinks with six fins were fabricated
by milling process. The material used was AlSilOMg.
Totally seven heat sinks were fabricated and they are
named as S,, S,...S,, representing the sample
numbers. The measurements of all the seven heat sinks
are the same. Table 1 shows the processings performed

on the samples.
..

Table 1 Changes made on samples

Sample Abras}ve Heat Grapl.lene
blasting treatment coating
S, vV Vv
S, vV Vv
Sy v VvV
5, v v
Ss vV vV
S5 v v
s, v

Aluminium oxide particles are blasted all over the
surface for 0.15 MPa in S,, 0.3 MPa in S, and
0.5 MPa in S,. Sample S, was heat treated at 250 C,
S5 was heat treated for 350 C and S, was heat treated
at 450 C. Sample S, had no abrasive blasting.
Graphene was mixed with acrylic resin and coated on
heat sink samples S, — S,. Fig.1 shows the image of
the fabricated heat sink both coated and uncoated.

Fig. 1 Fabricated heat sink both coated and uncoated

1.2 Assessment of Thermal Conductivity

Using a thermal conductivity meter, the thermal
conductivity was assessed (DTC 300, TA instruments,
New castle, USA ). The plate fin heat sink had
thermocouples attached to it. Abrasive-blasted and
graphene-coated, heat-treated and graphene-coated,
and bare aluminum heat sinks were used for
measurement. The coating’s thermal conductivity was
calculated using Eq.(1) below.

L/K, =L,/K, +L,/K, (1)
where, correspondingly, L,, L,, and L, represent the
coating thickness, substrate thickness, and total
thickness. K stands for heat conductivity. The coating
thickness was measured with a coating thickness
metre. The coating thickness was found to be 0.5 mm.
1.3 Abrasive Blasting

Abrasive blasting was done using Blastech sand
blasting machine BL24650. The capacity of the
machine is 20 L, height of the blasting machine is

711 mm, diameter of the blasting cylinder is 254 mm
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and the abrasive holding capacity of the machine was
around 38 kg. Dry blasting and wet blasting are two
methods of abrasive blasting. Dry blasting can be done
with aluminium oxide, silicon carbide, sand, and
metallic grit. Wet blasting is appropriate for sand and
glass beads. A high pressure stream of abrasive
particles was hit on the surface during the abrasive
blasting procedure. In this work, dry blasting was
chosen, Aluminium oxide with a mesh size of 60 was
employed for abrasive blasting. The specimen was
placed in a holder. That is powered by motor to
guarantee that the nozzle moves at a steady pace. The
pressure regulator helps to maintain the required
pressure.
1.4 Heat Treatment

Heat treatment was performed with the help of
resistance furnace. 250 C, 350 C and 450 C were
the temperature utilized for heat treatment. 3 h was set

(@

as holding time for all samples. After 3 h, the heat
sink sample was subjected to progressive cooling
inside the furnace. The resistance furnace was chosen
for the heating procedure because of its exceptional
capacity to uniformly heat the work item. High-
temperature heating is also achievable with a resistance
furnace.
1.5 Coating Process

Electric spray gun is utilized to finish the coating
process. The process followed for coating is shown in
Fig. 2. Modified acrylic silicone resin RB - 237
(Adhere Bonds coats, Chennai, India) was taken as
matrix. Graphene was added up to 1 wt.% and the
resin with graphene mixture was stirred using high
speed stirrer for 5 min. The speed of stirring was set
up to 1000 r/min. The stirred mixture was applied on

the heat sink using electric spray gun.

© @

Fig. 2 Coating of heat sink. (a) Graphene nano powder; (b) Modified acrylic silicon resin added
with Graphene powder; (c) Resin and Graphene mixture after stirring process; (d)
Graphene and resin mixture coated on heat sink.

1.6 Experimental Setup

The heat sink’s free convection ability was
investigated using an experimental configuration. The
temperature was monitored until the heat sink achieves
the safest junction temperature of 60 C.

A specially created test bed was used to assess
the heat sink’s abilities to transmit heat under natural
convection. Figs. 3 and Fig. 4 show the test bed and
the entire experimental setup. Acrylic polymers that
are 4 mm thick were used to build a specific test room
that measures 50 cmx50 cm. The test cabinet reduced
airflow disruptions and produced a uniform radiation
background.

A power supply unit, a thermostat heater plate,
a data gathering system, and thermocouples are
required for the experiment. The external dimensions
of heat sink were (80 mm x 75 mm X 50 mm ).
Thermocouples were used to monitor temperature
distributions. An Arduino-based data collection system

was used to log the data into a PC. The thermostat
heater was the heat source. The junction temperature
of the real life electronic components were replicated
with the help of this insulated thermostat heater. The
lab’s temperature was 33 ‘C. Different input powers
(15 W, 25 W and 35 W) were used to evaluate the
heat sink.

Fig. 3 Actual test bed with heat sink
3.
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Testing setup

DC Power supply

-
{

Fig. 4 Schematic view of the experimental setup

Thermal dissipation performance may be assessed
by applying various heat inputs to heat sink samples
and measuring the temperature rise every 30 s for
20 min using a thermocouple connected to the heat
sink. Better thermal performance may be found by
monitoring the heat sink samples surface temperature.
The temperature
slowlyis considered as better performing and the sample

sample which reaches junction

L
20kV

X38,0888 B8.5Smm 0800 17 33

(a) SEM image of graphene procured from Adnano lab

which
considered as poor performing

reaches junction temperature

[25]

quickly is

2 Results and Discussion

2.1 Characteristics of Graphene

Table 2 and Fig.5 show the characteristics of
graphene used in the present work. From the Raman
spectrum shown in Fig.5 (b), it can be observed that
three different absorption peaks were visible. This
confirms that the graphene used in this experiment is
multilayer category.

Table 2  Properties of graphene nano particles used for
coating
Average
. Bulk
Purity Thickness lateral . Number of
Property . . density
(%) (nm) dimension Jem? layers
(X&Y)(um) &™)
Parameter 99 5-10 10 0.1 5-10
2000
o 1500 p
&
B L
21000 b |
12}
=
2 1 | \
=S
500 p ‘ / \
! [
0 !vuaan/\udj &\Uﬁnv~%ﬂ0~‘—-‘~"”4/
1000 1500 2000 2500 3000

Raman shift(cm™)
(b) Raman spectrum

Fig.5 SEM image and characterization using Raman spectroscopy

Fig.6 (a)
portion of heat sink made of AlSilOMg before doing

shows the microscopic image of a

abrasive blasting. The Fig.6(b) shows the microscopic
image of abrasive blasted heat sink. The effect of
abrasive blasting can be clearly observed from the
image. The surface roughness created because abrasive
blasting will have positive impacts since the rough
surface increases the surface area and enhances the
heat transfer.

When there is no heat treatment and when heat
treatment is done at low temperatures, we can see the
fine precipitates formation in aluminium. Fig.7 (b)
shows the microscopic image of sample without heat
treatment. Fig. 7 (a) shows the image when heat
treatment was done at 450 C. The precipitate size
increased and also number of precipitates got reduced.

4 .

2.2 Heat Conduction

Table 3 shows the heat conduction capacity of
coated and uncoated plate fin heat sinks. The thermal
conductivity of untreated heat sink (S,) was
112.5 W/m - K. The thermal conductivity of heat sink
after abrasive blasting at 0.5 MPa and graphene
1123 W/m - K,
abrasive blasting at 0.15 MPa and graphene coating for
0.5mm (S,) was 111.2 W/m -+ K and
blasting at 0.3 MPa and graphene coating for 0.5 mm
(S,) was 111.6 W/m - K. From the results, it is clear
that
conductivity after abrasive blasting and graphene coating.

coating for 0.5 mm (S,) was

abrasive

there is no significant change in thermal

The thermal conductivity of heat sink after heat
treating at 450 ‘C and graphene coating for 0.5 mm (S, )
was 1142 W/m - K, heat treating at 350 C and

graphene coating for 0.5 mm ( S;) was 113.7 W/m - K,
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and heat treating at 250 C and graphene coating for
0.5 mm( S,) was 113.3 W/m - K. From the results, it is

Unit:mm Magnification 80.9xC1 15/09/2023

10Ma botore blastnag

(a) Microscopic image of heat sink before abrasive blasting

clear that there is an improvement in thermal conductivity
when heat treatment is done for 450 C.

(b) Microscopic image of heat sink after abrasive blasting
at 0.15 MPa pressure

Fig.6 Microscopic images of heat sink before and after abrasive blasting

z s

Aluminiu

TR e 22

Cu,Fe,Si,Mg phases

= o

(a) Microscopic image of AlSil0Mg heat sink at 450°C

(b) Microso‘iz image of AISi10Mg heat sink without heat treatment

Fig.7 Microscopic image of heat sink with and without heat treatment

Table 3 Thermal conductivity of heat sinks

Thermal conductivity

Sample (W/mK)
S, 111.2
S, 111.6
S, 112.3
Sy 113.3
Ss 113.7
Se 114.2
S, 112.5

From the experimental observations, it is clear
that S, (abrasive blasting at 0.5 MPa and graphene
coating for 0.5 mm) and S, (heat treating at 450 C
and graphene coating for 0. 5 mm ) only have
significant results, therefore graphs were drawn and
compared to S, (untreated and only graphene coated
for 0.5 mm).

Fig. 8 (a)
(charging and discharging cycle) of untreated heat
sink. At 15 W heat input the heat sink reached
junction temperature of 60 C in around 2025 s. As

shows the experimental results

heat input increased, the time needed to reach the
junction temperature got reduced. For the maximum

heat input of 45 W, the junction temperature reached
in less than 600 s. Therefore, it is clear that the
charging cycle of uncoated heat sink was maximum at
low heat input. The fastest discharge cycle was for 45
W heat input. Therefore, it is obvious from the result
that at high heat input the discharging cycle was fast
for the uncoated heat sink.

Fig.8 (b) shows the charging and discharging
cycle of S, ( abrasive blasting at 0.5 MPa and
graphene coating for 0.5 mm). At the low heat input
of 15 W the heat sink reached junction temperature of
60 C in 1890 s which is 160 s less when compared to
the uncoated heat sink.

Fig.8 (c) shows the charging and discharging
cycle of S, (heat treating at 450 C and graphene
coating for 0.5 mm ). At 15W heat input, the time
taken to reach junction temperature of 60 C was
around 3900 C, which was 1850 s, more than that of
uncoated heat sink and 2010 s more than that of
abrasive blasted and graphene coated heat sink. When
the high heat input of 45 W was observed, the heat
sink reached junction temperature in very less time. It

. 5.
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was almost same that of the uncoated heat sink. When
the high heat input of 45 W was considered, the
abrasive blasted and graphene coated heat sink took
less time to reach junction temperature and also
returned to the room temperature quickly ( discharge
cycle). Therefore, the obtained results show that the
abrasive blasted and graphene coated heat sink was
comparatively better when high heat input conditions

were used.
60 = 15W
e 25W
55 ~ 35W
- v 45W
2 50}
o}
245
g
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o
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(a) Charging and discharging cycle of uncoated heat sink
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65
= 45W
60 * 35W
A 25W
55 v I5W

50

Temperature(C)
&

01000 2000 3000 4000 5000 6000 7000
Time(s)
(c¢) Graph of heat treated and graphene coated heat sink

Fig.8 Charging and discharging
untreated and treated heat sink

cycles of

Fig.9 (a) shows the thermal image of abrasive
blasted and graphene coated heat sink. Because of
coating, the enhanced heat transfer can be observed
clearly in the thermal image. Fig.9 (b) reveals the
thermal image of the uncoated heat sink. The fastest

.6 -

discharge cycle was observed with a 45 W heat input,
and the slowest discharge cycle was observed with a
15 W heat input. From this, it is clear that the heat
treatment process followed by graphene coating gives
the lengthy charging cycle (the time taken to reach
junction temperature) when low heat input of 15 W is
given. Considering the high heat input conditions, the
abrasive blasted and graphene coated heat sink
performed better when compared to the other types of
heat sinks. Fig.9 (c) shows the thermal image of heat
treated and graphene coated heat sink. It can be
observed that the heat transfer is maximum when heat
treatment and graphene coating are done.

00°00°'00.0"N
00°00'00.0"E

(a) Thermal image of abrasive blasted and graphene coated
heat sink

00°00°'00.0"N
00°00°'00.0"E

00°00'00.0"N
00°00'00.0"E

(c)Thermal image of heat treated and graphene coated heat
sink
Fig.9 Thermal images showing heat dissipation

performance of heat sink with and without
treatment processes
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3 Conclusions

In this research work, heat transfer efficiency of
aluminium heat sink fabricated by milling process in
the shape of plate fin was compared with abrasive
blasted and graphene coated heat sink initially, and
then with heat treated and graphene coated heat sink
finally. Natural convection heat transfer was evaluated
with the help of an experimental set-up. Heat input
was given in the range of 15 W - 45 W. 60 C was
considered as the junction temperature. The changes
in temperature with respect to the time were monitored
for every 30 s with the help of thermocouples
connected to the data logging system.

From the findings of the experiment, it can be
concluded that the charging cycle increased 2 fold for
heat treated and graphene coated heat sink at 15 W
heat input. Therefore, junction temperature can be
increased to double the time when low heat put is
considered, which indirectly means that the life cycle
can be increased 2 times. The abrasive blasted and
graphene coated heat sink provided an improvement in
charging cycle of around 1.3 to 1.4 times when high
heat input of 45 W is applied . However, when 15 W
heat input is considered, abrasive blasted and
graphene coated heat sink does not show much
improvement. Therefore, it is obvious from the
experimental investigation that when the heat input is
in 15 W range, the heat treated and 0.5 mm graphene
coated heat sink can increase the junction temperature
in turn, which can definitely increase the service life
and reliability. The results obtained are matching with

26]

the findings of Kung and Yang*'. In their work,
they proved that heat dissipation improves with
graphene coating.

Future work of this study would be on the 3D
printed AlSilOMg heat sink. The effect of graphene
coating for various thickness and surface treatment on

the thermal management abilities will be studied.
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