
*Corresponding author.
*E-mail address: dribrahimthamer@tu.edu.iq
This paper was recommended for publication in revised form
by Regional Editor Erman Aslan

J Ther Eng, Vol. 10, No. 1, pp. 10−20, January, 2024

Journal of Thermal Engineering
Web page info: https://jten.yildiz.edu.tr 

DOI: 10.18186/thermal.1428967

ABSTRACT

In this study, two types of heat sinks are selected at similar dimensions. In addition, five types 
of aluminum alloys are used to find the optimum performance for both models’ inline and 
cut cross heat sinks. These types of alloy materials were Al-1100, Al-3063, Al+25%Ni, and 
Al+25%Cu that are selected and compared with pure aluminum. The effectiveness results 
showed of the heat sink using Al- 25%Cu has the highest value compared to the other material 
types Al- 25%Ni, Al 1100, and Al 6063 respectively. While the lowest value of the fin efficiency 
was observed for pure aluminum. Moreover, the heat sink using Al- 25%Ni, Al 1100, and Al 
6063 has moderate values. The results also indicated that the rate of heat-dissipated from the 
cut cross heat sink increases, as the fin thickness increases until reaches maximum value be-
fore it decreases with an increase in the fin thickness. While for the inline heat sink, the heat 
transfer increases as the fin thickness increase before stables at 2 mm approximately.
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INTRODUCTION 

Nowadays, the large development in electronic devices 
is accompanied by an increase in heat dissipation from 
electronic devices. As a result, electronic cooling becomes 
essential to keep these devices’ operating temperatures 
within their desired limits [1, 2]. One of the effective meth-
ods of cooling electronic devices is a heat sink which is that 
used to dissipate the heat from a hot surface. Many studies 
have dealt with many types of heat sinks and their perfor-
mance [3, 4]. These studies showed that many parameters 

influence the performance of the heat sink, for instance, the 
shape of the sink, material type, fin shape, etc. Consequently, 
researchers have used many ways to improve the heat sinks 
based on these parameters [5, 6]. An overview of various 
types of heat sinks related to design parameters was intro-
duced by Lee [7]. Culham and Muzychka [8] demonstrated 
an investigation for the optimization of heat sink design 
parameters for the plate-fin-type heat sink. This study 
indicated that aluminum is a typical material for heat sinks 
because of offering a good balance between cost, weight, 
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and thermal properties [9]. Two-layer small-channel heat 
sinks with opposite arrangements of flow were studied in 
terms of thermal performance by vafai and Zhu [10]. Chein 
and Huang [11] conducted a study to analyze the perfor-
mance of a heat sink for two microchannels with a specific 
geometry and using nanofluids (Cu - H2O). The results of 
their study showed that the use of nanofluids leads to an 
improvement in the performance of the heat sink for the 
two micro-channel geometries. Yang et al. [12] provided 
a comparative investigation of the performance of pin fin 
heat sinks with different shape pins (circular, elliptic, and 
square cross-sections). They showed that for the same sur-
face area, the elliptic pin fin possesses achieved the highest 
thermal performance and the lowest pressure drops for the 
staggered arrangement. The thermal performance using 
different fin configurations of the heat sink for power elec-
tronics is introduced by Han and Jeong [13]. They noticed 
that the heat sink using the perforated fins offers excellent 
thermal performance compared with that flat plat due to 
the increase in the increment rate of the dissipation heat 
area. Al-Sallami et al. [14] studied numerically the simple 
longitudinal notch and slot perforations in perforated fin 
heat sinks and compared their performance with circular 
longitudinal perforations. They concluded that both slot 
and notch perforations offer significant improvement over 
circular perforations in terms of pressure drop and heat 
transfer. An experimental study was conducted by Jaffal 
[15] to study the effect of the fin shape on the performance 
of a heat sink, with sing six different forms of fins which 
were (flat plate, cross-cut, perforated, perforated - cut, ser-
pentine, zigzag). The results obtained showed that the best 
thermal performance was for the heat sink with fins in the 
form of (perforated - cut). Sakanova and Tseng [16] pre-
sented a study for a comparison of finned shape and pin-fin 
heat sinks for power electronics. They found that the Pin-
fin shape present overcomes the finned shape in terms of 
the thermal performance of the heat sink. Khurshid et al. 
[17] introduced an analytical study to design a heat sink for 
an electric drive based on natural convection by using two 
types of fins (rectangular plate and rectangular pin). They 
found that the heat transfer coefficient affects both the 
rate of heat transfer and the shape of the fin. Optimization 
for radial plate-fin heat sinks was presented by [18]. They 
introduced design guidelines for radial plate-fin heat sinks. 
Tariq et al. [19] demonstrated a comparison of the thermal 
performance of improving plate-fin heat sinks. They used 
plate-fin heat sinks with slots and perforations. Their inves-
tigation indicated that plate-fin heat sinks with slots and 
perforations give a significant advantage over plane plate 
fins in terms of pressure drop and heat transfer. The ther-
mal performance study of a plate-fin perforated twisted and 
twisted tape were introduced by Nılpueng and Wongwıses 
[20]. They concluded with adding semicircular to straight 
fins array of heat sink give a high heat transfer compared to 
all other types of heat sink arrays. 

Depending to previous studies, aluminum is the main 
material used to manufacture heat sinks [21]. Nevertheless, 
the effect of the aluminum alloys on the thermal perfor-
mance of the heat sink was tested by many researchers such 
as Rehman and Ali [22]. They examined the effect of Nickel 
foam and Copper on its performance. They concluded that 
coper offers better results than the others. Modified poly-
meric instead of aluminum was also used in manufactur-
ing the heat sink by Rohani et al. [23]. They noticed that 
enhancement in the thermal conductivity and heat trans-
fer with using these types of materials. Finally, a theoret-
ical study of the heat sink performance with pin fins was 
conducted by Nazzal et al. [24]. They used various types 
of alloys (beryllium - aluminum, copper - aluminum) fins. 
The results showed that the performance of the heat sink 
had the highest value with using copper - aluminum) alloy 
and lowest value with using (beryllium - aluminum) alloy 
compared to pure aluminum. 

The finding of the previous studies indicated that many 
parameters that influence the performance of the heat sink. 
These parameters involve the material of the sink, shape 
of the sink, fin shape, etc. Moreover, these studies intro-
duced an inline cut cross of the heat sink shape. Despite 
continuous studies on the heat sink and its performance, a 
comparative investigation for cut and inline heat sinks with 
various types of materials has not been studied. Thereby, 
two inline and cut cross was selected to achieve this study. 
Moreover, five types of materials and alloys have been used. 
Consequently, a comparative study of the heat sink perfor-
mance of the inline and cut cross heat sink with different 
alloys materials will be introduced.

ANALYTICAL AND NUMERICAL MODELS 

A passive cooling system contains three parts chip, inter-
face material, and heat sink. The passive system dimensions 
for two types of heat sinks are illustrated in Figures (1A and 
B). A chip dimension 20 mm×20 mm×10 mm was placed at 
the center of the lower surface of the heat sink base assum-
ing the amount of heat dissipated from the chip was around 
100 Watts and thermal conductivity 140 W/m·K. 

Next, a thermal interface material had been utilized 
to reduce the contact thermal resistance between the chip 
and heat sink base with its thermal conductivity and thick-
ness being 2 W/m·K and 0.1mm respectively. Finally, the 
boundary dimensions of the heat sink are 100mm×100m-
m×110mm. In addition, the thermos-physical properties, 
cost, and chemical composition of the Aluminum alloys 
have been shown in Table 1 (A and B).

To optimize the heat sink performance for two types the 
cross-cut pin fins and inline are determined by considering 
different parameters. For more explanation, the parameters 
are types of Aluminum materials, and the properties of the 
heat sink as density, thermal conductivity, specific heat, and 
mass. In addition, the thermal properties of the heat sink are 
calculated such as overall efficiency, coefficient of the heat 
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transfer, thermal resistance, and finally the Nusselt number 
[21]. The thermal resistances for each part of the heat sink 
are the major parameter to calculate its performance [22] 
and [23] (see Figure 2). Then, the overall thermal resistance 
of the heat sink had been calculated by summing all ther-
mal resistances for each component of it such as the chip, 
interface, heat sink base, fins, and un-fins (see Figure 1).

The contact thermal resistance is a very important 
point for reducing the temperature drop which means low 
interface resistance leads to considering it a good conduc-
tor of heat. Many parameters affect the thermal interface 
resistance as the interface thickness, surface roughness, 
interface thermal conductivity, and the number of interface 
layers. Therefore, the thermal interface resistance can be 
calculated by:-

   (1)

However, the thermal resistance of the heat sink base is 
determined as a function of the thermal conductivity, thick-
ness, and cross-section area of the heat sink base as follows:- 

  (2)

Then, the thermal resistance of the chip can be calcu-
lated by:

  (3)

H
fin

=
75
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m

A)
B)

nfin= 14

nfin= 49z
y

x

tfin= 0.67 mm

tbase = 10 mm

Figure 1. Schematic diagrams of different heat sinks; A) inline and B) Cross-cut pin fins.

Table 1. Aluminum alloy properties, cost A) and Chemical Composition B)

Cost per kg for US $Cost per lb for US $C
J/kg.k

K
W/m.k

Density
kg/m3

A) Alloy

2.02830.928692372700AL-pure
5.4842.4875790192.184520AL+25% Ni
3.20221.4525768273.254262AL+25%Cu
1.80780.829002182710Al 1100
1.56530.719002092700Al6063

B) Chemical Composition Limits

Weight% Al Si Fe Cu Mn Mg Cr Zn Ti Other 
Each

Others 
Total

6063 Balance 0.2 - 0.6 0.35 0.1 0.1 0.45- 0.9 0.1 0.1 0.1 0.05 0.15
1100 Rem 0.45 0.5 0.05-0.02 0.05 - - 0.10 - 0.05 0.15
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In this study, the major resistance within the total ther-
mal resistance is the fin thermal resistance of the heat sink 
that is calculated by considering different parameters such 
as the fin efficiency, fin surface area, and the heat trans-
fer coefficient. Two mechanisms of heat transfer are con-
sidered for analyzing the thermal contact resistance of the 
fin such as thermal conduction and convection. In gen-
eral, heat can be transferred from the fins by conduction 
through the fin and also by convection from the fin to the 
ambient air. Consequently, the fin thermal resistance can be 
calculated by:- 

  
(4)

For unfinned surface areas, the thermal resistance of 
exposed area without fins is given by [21]:-

  
(5)

Therefore, the total thermal resistance of the heat sink 
can be calculated as a function of the fin and unfinned ther-
mal resistance as follows: -

  
(6)

Then, the total thermal resistance is:-

  (7)

Thus, the overall heat transfer rate is defined, as the ratio 
of the temperature difference to the total thermal resistance 
as follows: [24]:-

  
(8)

In this study, the amount of heat transfer rate from the 
fins is indicated by following this equation [25]:

  (9)

Where 

 

In another expression, the total heat dissipated from 
the system can be determined by summing the rate of heat 
transfer from the fins surface and unfinned surface [26]:

  (10)

And the dissipation of heat from the unfinned surface 
to the ambient can be calculated by [27]

  (11)

The fin effectiveness and overall fin effectiveness for each 
type of heat sink can be calculated by these relations[21]:

  (12)

And 

  
(13)

 The optimum spacing between the fins for the two 
types of heat sink is calculated by[27]:-

  (14)

For the cut cross pin fins, the optimum spacing as longi-
tudinal pitches SL and transverse pitches ST are determined 
by using the above equation (14) that gave the same value of 
Zopt and means SL=ST=Zopt.

The development of the heat transfer coefficient for the 
unfinned and finned surfaces is achieved by Khan et al. [22] 
as written: -

  (15) 

  (16) 

Where the coefficient C1 in the above equation is cal-
culated by[27]:-

   (17) 

Figure 2. Resistance network representing the Chip, interface &heat sink.
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The average coefficient of heat transfer of the heat sink 
type cut cross-pin fins can be determined by combining the 
equations (14, 15, and 17):

  (18) 

Where the coefficient C2 is a constant for cut cross pin 
fin and can be found as[25]:

  
(19)

 

For the pin fins: the aspect ratio is calculated by:  

For the inline heat sink, the coefficient of heat transfer 
is given by [21]:-

  
(20)

 

The maximum velocity of working fluid (air) between 
the fins for each type of heat sink is used for completing 
the analytical calculations of the heat sink. For example, the 
output results are achieved from the analytical code such as 
fin efficiency, fin effectiveness, and the overall heat transfer 
rate. [28]:

  (21)

Thence, the other dimensionless parameter as a func-
tion of heat transfer coefficient is the Nusselt number that 
can be expressed as:

  (22) 

  (23) 

The fin efficiency and overall fin efficiency for the inline 
fins and cut cross-pin fins are calculated by using equations 
24 and 25 respectively [21]:-

  (24) 

  (25) 

Where  for the cut cross-pin fin 

And  for the inline fin 

The analytical and numerical calculations had been 
achieved by utilizing EES code and Icepack ANSYS to dis-
cover the optimum design of the heat sink using different 
material alloys compared to the reference pure aluminum.

RESULTS AND DISCUSSION 

The dependency of the heat sink performance on its 
configuration and material type has been investigated by 
using two shapes a cut cross and an inline pin fin. Moreover, 
five types of metallic alloys are selected to find the optimum 
performance using these types of the materials and config-
uration of the heat sink (See Table 2). The hot spots of the 
heat source are mounted on the center of the heat sink. The 
main parameters of heat sink performance are plotted as a 
function of thickness fin for both heat sink types and mate-
rials alloys types.

Figure 3 demonstrates a comparison of fin effectiveness 
for Al- 25%Cu, Al- 25%Ni, Al 1100, and Al 6063 for both 
inline and cut cross-sections versus different fin thicknesses 
of the heat sink. It can be noticed that from this Figure the 
effectiveness (ε), decreases as the fin thickness increases for 
the inline heat sink. While the effectiveness of the cut cross 
heat sink decreases before reaching a minimum value of 2.5 
mm and stables. For the effect of the heat sink configura-
tion, it can be noticed that from the Figure, the effectiveness 
of the inline heat sink is greater than that of the cut cross 
heat sink for all kinds of materials as can be observed in this 
Figure. This is because more heat can be transferred to the 
environment as the surface exchange area increases for the 
inline heat sink respected to that of the cut cross heat sink. 
In addition, the results show that the effectiveness of the 
heat sink using Al- 25%Cu has the highest value, which is 
higher than that of the Al- 25%Ni, Al 1100, and Al 6063 of 
the heat sink respectively. While the lowest value of the fin 
effectiveness was observed for pure aluminium. Moreover, 
the heat sink using Al- 25%Ni, Al 1100, and Al 6063 has 
moderate values. This trend can be explained to the fact; 
the thermal conductivity of the Al- 25%Cu is higher than 
that of the Al- 25%Ni, Al 1100, and Al 6063, which leads 
to an increase in the heat dissipated, i.e., an increase in the 
fin effectiveness. It can also be observed that the effective-
ness of the inline heat sinks using Al-25%Cu, Al- 25%Ni, 

Table 2. Al-pure inline and cut cross-pin fin heat sink dimensions in the Icepack program

Heat sink tf
(mm)

H=b 
(mm)

W (mm) L (mm) base 
(mm)

Z=s
(mm)

nf U_air 
(m/s)

Aunfin
m2

Qair
(m3/s)

Inline 0.668 90 100 100 10 6.667 14 1.5 0.009089 0.01363
Cut cross 7.11 90 100 100 10 6.667 51=49 1.5 0.007263 0.01089
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Al 1100, Al 6063, and Al-Pure is higher than that of the cut 
cross heat sink by 45.6%, 38.1%, 34.8%, 35.9%, and 32.7% 
respectively. These behaviours were consistent with previ-
ous studies presented by [29] and [31].

The fin efficiency of the heat sink plays role in the per-
formance of the heat, which directly influences the heat dis-
sipation rate from the sink. Figure 4 shows fin efficiency for 

both inline and cut cross heat sink concerning fin thickness 
under using four different alloys and aluminium. It can be 
seen that as the fin thickness increases, the fin efficiency 
of the heat sink increases for all types of heat sinks. This is 
because of the increase in the surface area with an increase 
in the fin thickness that led to more heat can be transferred 
to the environment due to the increased heat exchange area. 

Figure 4. Effect of the fin thickness on the overall fin effi-
ciency for the inline and crosscut fin heat sink.

Table 3. Sample of results for types heat sink inline and cut cross pin fin

THS alloy tfin_opt Cost ηf η0f ϵfin Massal ηfin qtotal Rtotal

[mm] [$] [%] [%] [-] [kg] [-] [w] [k/w]

in
lin

e

Al-1100 0.758 0.4501 69.79 70.86 1.664 0.249 13.47 100 0.3857
optimum 1.578 0.8438 82.16 82.79 0.945 0.4668 12.13 106 0.3637
Al-6063 0.81 0.4121 70.26 71.31 1.568 0.2633 13.37 100 0.3857
optimum 1.578 0.7279 81.56 82.21 0.938 0.465 12.13 105.3 0.3663
AL+25%Cu 0.548 0.933 67.86 69.0 2.235 0.2913 13.86 100 0.3857
optimum 1.367 2.09 83.29 83.88 1.104 0.6526 12.45 110 0.3505
AL+25%Ni 0.938 2.752 71.46 72.47 1.378 0.5018 13.15 100 0.3856
optimum 1.578 4.269 80.32 81.02 0.924 0.7785 12.13 103.8 0.3717
AL-pure 0.668 0.4492 68.96 70.06 1.864 0.2215 13.63 100 0.3857
optimum 1.578 0.9439 83.3 83.89 0.958 0.4654 12.13 107.5 0.3589

C
ut

 –
cr

os
s p

in
 fi

n

Al-1100 7.2 1.195 87.93 88.55 0.437 0.661 51.71 100 0.3857
optimum 3.0 0.4247 58.41 61.43 0.701 0.2349 107.0 146.9 0.2626
Al-6063 7.315 1.025 87.37 88.02 0.437 0.6551 52.01 100 0.3857
optimum 3.0 0.3663 57.52 60.6 0.690 0.234 107.0 144.9 0.2662
AL+25%Cu 6.82 3.412 90.53 91.01 0.439 1.066 50.32 100 0.3857
optimum 3.0 1.183 63.17 65.85 0.758 0.3694 107.0 157.4 0.245
AL+25%Ni 7.43 5.942 86.16 86.87 0.436 1.083 52.69 100 0.3857
optimum 3.0 2.149 55.73 58.94 0.669 0.3918 107.0 140.9 0.2737
AL-pure 7.11 1.35 88.97 89.53 0.438 0.6656 51.15 100 0.3856
optimum 3.0 0.475 60.19 63.07 0.722 0.2342 107.0 150.8 0.2558

Figure 3. Effect of fin thickness on the fin effectiveness of 
inline and cross-cut fin heat sink.
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Figure 4 also shows that the fin efficiency of the inline heat 
sink is higher than that of the cut cross heat sink at a fin 
thickness of less than 2 mm. In contrast, the fin efficiency 
of the cut cross type is larger than the inline type when the 
fin thickness is greater than 6 mm. It can be observed that 
the fin efficiency of the Al-25%Cu, Al- 25%Ni, Al 1100, Al 
6063, and Al-Pure of heat sink for the inline sink is greater 
than that of the cut cross as 27.4%, 37.5%, 34.8%, 35.7%, 
and 33% respectively at 2 mm thickness. The reason for the 
trend due to the increase in the surface area of heat transfer 
for the in-line is greater than that of the cut cross for a small 
size. In addition, the results show that the fin efficiency of 
the heat sink using Al- 25%Cu has the highest value while 
the lowest value of the fin efficiency was observed for pure 
aluminum. Moreover, the heat sink using Al- 25%Ni, Al 
1100, and Al 6063 has moderate values. This behavior can 
be attributed to the values of thermal conductivity, which 
increases with adding copper, and Nickel to the alumi-
num because the thermal conductivity of the copper and 
nickel is greater than that of the aluminum. Consequently, 
the thermal conductivity of the heat sink with Al- 25%Cu 
is higher than that of Al- 25%Ni, Al 1100, and Al 6063. 
Similar behaviour was observed in the previous study that 
is introduced by [15, 29-31].

The main parameter of the heat sink performance 
is thermal resistance influences the overall heat transfer 
rate. Figure 5 introduces the thermal resistance system as 
a function of the fin thickness of the inline and cut cross-
heat sink for various types of alloys. As can be noticed, the 
thermal resistance decreases as the fin thickness increases 
to the minimum value before it stables, and then rises with 
rise in the fin thickness. This is because of the increase in 
the fin volume as the fin thickness increases. It can also 
be observed that the thermal resistance of the inline heat 
sink is lower than that of the cut cross heat sink. This can 
be explained due to the increase in the volume of the heat 

sink by using a cut cross heat sink compare with the inline 
heat sink. For the effect of using alloys instead of pure alu-
minium, the thermal resistance of the Al- 25%Cu heat sink 
is lower than that of the Al- 25%Ni, Al 1100, and Al 606 
respectively. For instance, the thermal resistance of the 
inline heat sink using Al- 25%Cu is less than that of the Al 
6063 at 4.3%. While thermal resistance of the cut cross heat 
sinks using Al- 25%Cu is little than that of the Al 6063 by 
6.7%. This behaviour was agreement with previous studies 
such as [7, 15, 19, 27, 32]. 

The heat-dissipated rate to the environment is one of 
the parameters in the evaluation of the performance of 
the heat sink. Figure 6 shows the heat-dissipated rate as a 
function of the fin thickness for both inline and cut cross 
heat sink under different alloys. It can be seen from this 
figure, the rate of heat-dissipated from the cut cross heat 
sink increases as the fin thickness increases until reaches 
maximum value before it reduces with an increase in the 
fin thickness. While for the inline heat sink the heat trans-
fer rate increases as the fin thickness increase before stables 
at 2 mm approximately. The main reason for this trend is 
that the surface area increases with an increase in the fin 
thickness. On the other hand, the reduce in the heat loss of 
the cut cross heat sink, which starts after 2.5 mm fin thick-
ness, can be explained to the rise in the pressure drop, i.e., a 
reduce in the mass flow rate. In terms of the heat sink con-
figuration, it can be observed that the cut cross heat sink 
has the highest value rate of heat transfer compared with 
the inline heat sink type. This is because more heat can be 
transferred to the environment as the surface exchange area 
increases for the cut cross heat sink compared to the inline 
heat sink.

For the alloy type, it can be observed that heat dissi-
pated from Al- 25%Cu heat sink was higher than that of Al- 
Pure, Al- 25%Ni, Al 1100, and Al 6063 rate of heat transfer. 
For example, the heat transferred increased by 7.3%, 4.4%, 

Figure 6. Effect of fin thickness on the total rate of the heat 
of inline and cross-cut pin fin heat sinks.

Figure 5. Effect of fin thickness on the total thermal resis-
tance for the inline and cross-cut fin heat sink.
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2.6%, and 1.8% by using Al- 25%Cu, Al-pure, Al 1100, and 
Al 6063 respectively compared to Al- 25%Ni for the cut 
cross heat sink. While it increases by 8.4%, 5.6%, 3.1%, and 
2.2% for the inline heat sink. This can be attributed to the 
fact the thermal conductivity of the Al- 25%Cu heat sink is 
higher than that of Al 6063Al which leads to giving more 
heat capacity compared to Al 6063Al. In addition, the ther-
mal conductivity of Al- 25%Ni and Al 1100 is greater than 
Al 6063Al. Consequently, the heat dissipated by the heat 
sink using Al- 25%Ni and Al 1100 was also greater than 
that of Al 6063Al. Similar behaviour was introduced by [5] 
and [3, 7, 15, 19, 24, 32].

Figure 7 shows the temperature curve for all the heat 
sink types along the length of the fin. It can be seen that 
from the Figure the temperature decreases along the fin 
length before it stables. Moreover, for both inline and cut 
cross heat sink, the temperature using Al- 25%Cu, Al- Pure, 
Al 1100, and Al 6063 is greater than that of the Al- 25%Ni. 

Figure 8. Orientation Temperature contour for (a) inline (b) Cross-cut pin fins, Al-pure.

Figure 7. Temperatures distribution along one fin with the 
non-dimensional length  for inline and cross-cut pin fin 
heat sinks.
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As mentioned previously, this is because the values of ther-
mal conductivity of Al- 25%Cu, Al- Pure, Al 1100, and Al 
6063 are greater than that of the Al- 25%Ni heat sink. Also, 
the results show that the temperature of the cut cross heat 
sink is higher than that of the inline heat sink. Whereas the 
temperature of the cut cross heat sink using Al- 25%Cu, Al- 
Pure, Al 1100, Al 6063, and Al- 25%Ni are greater than that 
of the inline heat sink as 11.9%, 10.6%, 9.8%, 9.5, and 8.6% 
respectively. Similar behaviours of temperatures were pre-
sented by many studies [33, 14, 19, 32].

Figure 8 also shows the temperature contours for each 
type of heat sink with the dimensions illustrated in Table 3. 
The results demonstrated that the temperatures of the cut 
cross heat sink are higher than the inline heat sink for the 
same material pure aluminum.

The velocity contours for two types of heat sinks (pure 
Aluminium) are shown in Figure  9. Thereby, the results 
illustrated that the air velocity of the cut cross heat sink is 
lower than the inline heat sink. This is because the airflow 

has low resistance between the fins for the inline type com-
pared to the cut cross heat sink.

CONCLUSIONS 

In this paper, the effect of aluminium alloys on two 
types of heat sinks has been studied. The main conclusions 
from this study can be summarized as follows:
1. The effectiveness of the heat sink using Al- 25%Cu has 

the highest value, which is higher than that of the Al- 
25%Ni, Al 1100, and Al 6063 of the heat sink respec-
tively. While the lowest value of the fin efficiency was 
observed for pure aluminum. Moreover, the heat sink 
using Al- 25%Ni, Al 1100, and Al 6063 has moderate 
values.

2. The fin efficiency of the inline heat sink is higher than 
that of the cut cross heat sink at tfin ≤ 2mm. It can be 
observed that the fin efficiency of the Al-25%Cu, Al- 
25%Ni, Al 1100, Al 6063, and Al -Pure of heat sink for 

Figure 9. The velocity vector for (a) inline (b) Cross-cut pin fins, Al-pure.
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the inline sink is greater than that of the cut cross as 
27.4%, 37.5%, 34.8%, 35.7%, and 33% respectively. 

3. The rate of heat-dissipated from the cut cross heat sink 
increases as the fin thickness increases until reaches 
maximum value before it decreases with an increase in 
the fin thickness. While for the inline heat sink, the heat 
transfer increases as the fin thickness increase before 
stables at 2 mm approximately. 

4. Al- 25%Cu cut cross heat sink gives the highest perfor-
mance compared with other types of heat sink due to 
it has the highest thermal conductivity. Moreover, the 
outcomes of the study indicate that the cut cross heat 
sink is better than the inline heat sink in terms of per-
formance of the heat sink. 

5. Al- 25%Ni alloy heat sink obtains moderate values of 
the heat sink performance for both inline and cut cross 
heat sink.

6. It can be extended to study the same topics as an exper-
imental study, which is studied in the work.

NOMENCLATURE 

A Surface area of fins (m2)
D Diameter of the pin fin (m)
H Height the pin fin (m)
h Heat transfer coefficient (W/m2.K)
K Thermal conductivity, (W/m. K)
L Length, (m)
n Number of fins (-)
Nu Nusselt number, (-)
P Perimeter,(m) 
Pr Prandtl number, (-)
Q Heat transfer rate, (Watt)
R Thermal resistance, (K/W)
Re Reynolds number, (-)
S Space between fins, (m)
T Temperature, (°C)
t Thickness, (m)
U Mean velocity, (m/s)

Greek symbols
γ Aspect ratio, (-)
e  Effectiveness 
η  Efficiency, (%)

Subscripts 
a approach
ai Air 
b Base 
Dh Hydraulic diameter 
f Fluid 
HS Heat sink
L Longitudinal
max maximum
T Transverse
ΔP Pressure drop, (Kpa)

Abbreviations
Al aluminum
Be Beryllium 
CFD Computational fluid dynamic
Cu Copper 
EES Engineering equation solver
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