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Abstract: The safe operation of any device is necessary, but it requires a suitable
condition such as dissipated the heat generated. A heat sink with vertical rectangular fins
was improved using a circular perforated with diameter of 6mm for different fins height 6
cm, 8 cm and 10 cm. An experimental study was conducted to investigate the effect of
circular perforated on the natural convection heat transfer of a vertical rectangular fin.
Different numbers of circular perforated 2, 3 and 5 were studied. The results showed that
the heat transfer for the height 6cm is higher as compared with 8cm and 10 cm. Moreover,
the coefficient of heat transfer increases with the increased of the number of the circular
perforation. For the fin height 6cm with five circular perforated, the heat transfer coefficient
of the natural convection is 30 W/m? °C.
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INTRODUCTION

The enhancement of heat transfer by natural convection is an essential matter of thermal applications.
The reduction of the extreme heat rate from electronic devices is necessary to ensure steady and continuous
safe operation. The heat transfer can be improved by increasing the heat transfer area between the heat
transfer surface and the outside environment. The extended surfaces (fins) are used to increase heat
transfer in many applications. The rectangular fins are frequently used because of their easy construction,
inexpensive cost and active cooling capability. Burak Y. [1] studied different sets of rectangular fins with
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natural convection. The fin length and fin spacing was varied with constant thickness of 3 mm. The input
heat supplied was varied from 25 W to 125 W. Burak Y. concluded that the best fin spacing is between 0.88
cm and 1.47 cm.

Mahdi F. et al. [2] simulated the free convection on vertical surfaces using computational fluid dynamic
software. They concluded that heat transfer rate increases for fin spacing 5.84 and 6.42 mm, after that the
heat transfer rate starts to decrease. Mahdi F. et al. confirmed that the coefficient of natural convection
varies with the fin’s height, length, fin spacing, and the temperature difference between fin’s and the ambient
temperature. Goshayeshi, et al. (2009) [3] investigated numerically the effect of horizontal and vertical
surface of the fin on the fin’s performance. The results demonstrate that the vertical plate with vertical fins
gives the greatest performance for normal cooling.

Al-Widyan, et al. [4] investigated the effect of circular perforations attached to the surface on the
performance of a rectangular fin. Their numerical analysis shows that the heat transfer from the perforated
fin increased with Grashof number and reduction of the spacing between the holes. Golnoosh Mostafavi et
al. [5] studied steady-state of rectangular interrupted fin arrays. They concluded that adding of interruptions
to a single vertical plate will improve heat transfer characteristics. They developed a new relationship to
calculate the Nusselt. Ali, et al. [6] presented numerical and experimental analyses for a forced convection
through staggered punched pin fins in a rectangular channel. They concluded that Nusselt number is
increased with horizontal/vertical (HV) perforations than those for solid pins. Wadhah et al. [7] examined the
behavior of heat sinks with different number of circular perforations in a rectangular fin plate. They found the
coefficient of heat transfer increased with number of holes. Numerical results of Shaeri, et al. [8] showed that
the rectangular perforated fins gave higher heat transfer than the solid fins.

In the present study the combined effect of fin length with a number of circular perforated for optimized
the performance of the fin has not been studied. Therefore, an experimental work has been achieved to
know the combined effect of fin length with many circular perforated. To do this purpose the six fins
configuration was used.

1. MATERIALS METHODS

The study analyzed of free convection from rectangular extended surface (fins) with circular perforated
has been investigated. This type of fins used to enhance the heat transfer and the area of heat transfer. The
number and dimension of perforations were significant paremeter on heat dissipation [7]. The behavior of
thermal performance of fins can be analyzed. The length and width of heat sink were 300 mm and 110 mm
respectively. The heat supplied (Qgen) through base plate and fins by using heater. The heat transferred
across the fin by conduction Qcond. The other mode of heat transfer such as convection and radiation also
occur between the fins and surrounding [9].

ann. = Qconv. + Qr'rzri. (1)

The heat generating is calculated as follows: -

Q_gan. =VXI (2)
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The heat transferred by radiation is calculated as follows: -

erzr:.!. =oXeX 53"..1?" }(ﬂr (Tai. - T:irj (3)
Where:

€ : emissivity surface factor equal to (0.04) [4]
Ssur: shape factor and equal = 1 [4]

Therefore, the heat transferred is calculated by convection as follows:

Qcom:. = ann. - Q?"Ed. (4)

Equation 5 determine the heat transfer coefficient in free convection:

h= Peone. (5)

A AT

The area of base plate is :

A, =1=W (6)

Area of circular perforated :

Acp = ﬂ'cp J-CE * dz (7)

Exposed fin area :

A, =(UxH=2)—A,)+(t*H=2)+(1*1) (§)

Totally exposed area :

A, =n=A. +1l=s%(n—1) (9)
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Then, the total surface area with six fins is 0.2412 m® The difference temperature in equation (5)
represents the average temperature of the base fin and the air temperature. The temperature of the base fin
is calculated as follows:

2.

T =(TL+T5:---+TH} (10)

The film temperature (Tf) is computed by eq. 11:

Tap #Tair
Tf = T (11)

This temperature is taken to calculate the physical properties of the working fluid (air). According to the
values of temperature and physical properties taken from the tables in reference [4], Any physical property at
any temperature within the range used in this study can be obtained.

Nusselt number is determined by eq. 12: -

L

2. EXPERIMENTAL SETUP AND METHODOLOGY

Six fins were inserted into a rectangular aluminum base. The base plate dimensions are L = 300 mm
and W = 110 mm with base thickness equal to 10mm. Different fins heights have been chosen (60, 80 and
100 mm) with thickness t=5mm and different number of perforates N=2, 3, 5. Fins spacing was S=12.5 mm.
Figure 1 shows rectangular fins with five circular perforated heat sink.

Figure 1: The photograph of the fins Geometry.
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The following procedure has been followed:

The fins have been inserted into grooves in the base plate to form fin arrays.
The fins array was placed on four electric heaters to mimic heat generation.
Six thermocouples were fixed at different positions on the base plate.

A voltage regulator was used to supply five different voltages (50, 75, 100, 125 and 150 V) to generate
various heat fluxes.

Temperature measurements were recorded using digital thermometer. Ambient temperature was measured.
The temperature measurements were recorded until a steady state is achieved.

Average temperature of the thermocouples was calculated.

Heater\ Voltmeter

Power supply

Fin Thermocouple Digital Thermometer

Figure 2: Photograph of the test rig with the measuring instruments.

3. RESULTS AND DISCUSSION

Different fin heights have been investigated with varying the size of the circular perforated. The
erformance of fins was estimated by using Nu, h and Ra. The first experiment that used different fin of
circular perforated (Fcp) with 2,3 and 5 number of fins and height length of fin 6 ,8 and 10 cm.

Figure 3 shows the heat transfer coefficient (h) with temperature differences (Tav -Tair), Nu and Tav
for fin of circular perforated (Fcp) with 2,3 and 5 number of fins of 6, 8 and 10 cm height of fin respectively. It
showed the heat transfer coefficient and Nu were increased with fins of two circular perforated (Fcp2) with 6
cm fin’s height. The is due to the small surface area of the fin(s), see Eq(5).
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Figure 3. The heat transfer coefficient and temperature difference for different fin height and

different number of circular perforated.

Figure 4 depicts the heat transfer coefficient (h) and the rate of heat transfer Qc with different height

of fin. The enhancement in heat transfer of Fcp2 with 6 cm fin’s height is higher than the others.

30 4 [—m— Fcp2 with H=6 cm
28 J | ~®— Fcp3 with H=8 cm
—&— Fcp5 with H=10 cm
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24 4
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18-
16 -
14 1
12 -
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heat transfer rate, W

Figure 4: Heat transfer coefficient and the rate of heat transfer for different Fcp with different fin
height.
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Figure 5 previal the Nu number and temperature differences for different Fcp. The fin of 6 cm height of
fin give high Nu approximately 270 which is represented high value if we compared with 8 and 10 cm. the
enhancement due to less area with 6 cm.

280
260 -
2401
2201

> 200 -
Z

—&— Fcp2 with H=6 cm
—@— Fcp3 with H=8 cm
—&— Fcp5 with H=10 cm

180 4
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Figure 5: Variation of Nu with temperature different for different Fcp with different fin height.

The number of Fcp has been investigated with different fin height as shown Figures 6 and 7.
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Figure 6: The heat transfer coefficient with the average temperature for height of fins 6 and 8 cm with with
Fcp3.

It prevail that the Fcp5 give high heat transfer coefficient as well as the best fin height was 6 cm. This
results because when increased the no of circular perforated will cause enhancement of heat transfer.
Furthermore the fins will become lighter from other and Fcp5 has economical benefit.
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Figure 7: The heat transfer coefficient with the average temperature for height of fins 6 and 10 cm with
Fcp5.

CONCLUSIONS

The study was carried out to examine the fin with circular perforations as heat sinks. The experimental
work was conducted. The set of the perforations included 2,3 and 5 circular perforations (holes) for fin height
6, 8 and 10 cm respectively. The effects of different fin height, number of circular perforated and heat flux on
the performance of fin collections was showed. The heat transfer coefficient enhanced for Fcp2 with H=6cm
compared with Fcp3 with H=8 cm and Fcp5 with H=10 cm. The heat transfer increase with height of fin the
best one with Fcp2 with H= 6 cm. The Nu increased with Ra and the max Nu is 270 with Fcp2 with H=6 cm.
For the fin height 6 cm with five circular perforated, the heat transfer coefficient of the natural convection was
30 W/m2 oC.
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