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ABSTRACT: The air effect generated by multiple fans system with piezoelectric actuator is investigated 

experimentally for the fluid flow and heat transfer characteristics of different finned heat sink types. The system 

utilizes one piezoelectric actuator and a repulsive magnetic force to activate three fans. The finned heat sinks with 

solid and lateral perforated are constructed integrated with multiple fans system with piezoelectric actuator. The heat 

sinks are in a perspex duct exposed to a different heat flux. In the transient and steady state conditions, several 

experiments have been conducted to investigate the impact of different heat flux and holes, size number on the heat 

sinks thermal performance. All physical measurements are recorded using Labview 2018. Results of this experimental 

study are compared with previous experimental studies and give a good agreement. All the results of perforated heat 

sink are compared with the solid finned heat sink. The heat transfer characteristics have been significantly improved 

by adding a perforations. The results show that the average heat transfer coefficient and the average Nusselt number 

are increased about 40% when the heat flux increased for lateral perforated finned heat sink. 
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INTRODUCTION 

Thermal management has always been important as the temperature within electronic devices can have a significant 

impact on lifetimes and efficiency. This study is constructed the finned heat sinks with multiple fans system with 

piezoelectric actuator, which are designed to estimate of the changing heat flux and both increasing the number and 

diameter of the perforations. Piezoelectric fans are modern electronic-device cooling equipment, because they are long 

life, noiseless, and light weight. Studied heat transfer from a flat plate into a rectangular flow channel studied by 

connecting the bodies of perforated transverse blocks and discussing how geometric parameters affected on the 

flow[1]. She noted that increasing the inclination of the holes increases the heat transfer and increases heat dissipation 

with an increase in the deviation of the hole from the main axis and the degree of holes. Studied the optimal 

(patch/blade) ratio for the piezoelectric fan, which was produced with two symmetric placed piezoelectric patches[2]. 

The (patch/blade) thickness was calculated with optimal (patch/blade) length to maximize the electromechanical 

coupling factor, tip deflection, and rotation. The models were provided for the deviation of an identical piezoelectric 

fan and the designs were developed using these models. Electrical conversion factors have been developed into 

mechanical and analytical models that have been used to optimize these factors. A study used ultrasonic vibration 

beams to study the cooling effect of acoustic streaming[3]. With a constant film temperature, the heat dissipation 

source was placed above the stable beam. The beam vibrated at a resonance frequency. The result showed that the 

steady state temperature of the heat source drops by about thirty degrees. Increase the vibration amplitude, causing a 

drop of more than thirty degrees of heater temperature. An experimental estimate of the possibility of applying 

pressure to the electronic fan to cool system using three piezoelectric fan set placed vertically and at the same level to 

measure the heat transfer coefficient[4]. In the end, a piezoelectric fan showed the probability of using an electronic 

fan in thermal performance. Studied the parallel flow in a transferred heat and the fluid flow of a heat dissipater. And 

investigated the effect of the destructive flow and reverse destructive flow. Parallel flow resulted in the largest heat 

transfer and reduced the pressure drop[5]. The heat losses were studied from a rectangular fin with perforated square 

and rectangular fins with symmetrical lateral dimensions of two blocks, the finite element method was used during 

normal convection, the hole of the equilateral triangular base was parallel to the tip of the fins[6]. Comparing the solid 
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and perforated fin, the result showed that the holes in the fins enhanced the good performance of heat loss. Calculated 

the heat transfer coefficients excited by piezoelectric fans near the hot stainless steel plate, used an IR camera to 

observe the whole temperature field. The result showed that the variable vibration amplitude has a significant effect 

on the gap between the fan and the hot plate[7]. And so when the vibration amplitude increases the optimum distance 

decreases. Investigated the entire heat transfer from the heat exchanger. The friction factor of the perforated pin fins 

heat exchanger with a square area in the channel and the influence of varied design on the heat transfer[8]. The results 

showed that the increase in efficiency depends on geometric parameters, holes or slots perforation that improves their 

effectiveness, and also linked the friction characteristics and flow with heat transfer by correlation set. The forced 

convection of perforated fin set with solid fin was studied and compared experimentally. The perforation of a wide 

variety of Reynolds number testes and all hole sizes resulted in better heat transfer[9]. They investigated the effect of 

installing a heat shield and the effect of the inclination of the shield on the thermal and hydraulic execution for heat 

dissipater[10]. The results showed that the heat distributed resistance does not reduce due to the inclination of the 

plate. But the pressure drop can decrease effectively. The angle of inclination should be carefully selected to compare 

the requirement of small thermal resistance and a small pressure drop. Experiments were conducted to see whether 

ring perforation could increase natural convection heat transfer from rectangular fins. He found that, the heat transfer 

rate and coefficient of heat transfer increased as the number of holes increased[11].  

This experimental studying multiple fans system with piezoelectric actuator with perforated finned heat sinks to 

investigated the behavior of temperature distribution and heat dissipation with convection effects. In the scope of 

work, multiple fans system with piezoelectric actuator used to generate air flow which is exposed to a duct with solid 

and lateral perforated finned heat sinks which expose to different heat flux (2400.1200.746 W/m2).  

EXPERIMENTAL APPARATUS AND PROCEDURE 

Experimental Apparatus 

 

 

Plat 1. Experimental Set-up 
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The experimental apparatus as shown in plat (1) is done in the Theory of Machines Laboratory, in the Department of 

Mechanical Engineering - University of Baghdad, and consists of: 

The Piezoelectric Fan (PFN – 1011) 

 

Figure 1. schematic diagram of a piezoelectric fan, all dimensions are in (mm) 

 

The piezoelectric fan is a flexible cantilever blade with a piezoelectric actuator. It works with a resonant frequency. It 

induced air by oscillating the flexible blade [12]. Piezoelectric fan (PFN-1011) from MIDE technology is the best 

choice for this experiment due to its high characteristics and its large amplitude as shown in Figure (1). Its blade is 

made of (FR-4). This material is the type of fiberglass fabric with an epoxy resin binder. 

The piezoelectric fan is installed on the Teflon base by a holder made of Perspex material with dimensions (10mm× 

10mm × 50mm) with another slide holder to installed the piezoelectric fan and two magnetic fans. The slide holder is 

installed by bolts to support a multiple fans system with a piezoelectric actuator and to provide a minimum gap of 

1mm between the fan's tip and the finned heat sink. In this arrangement, the fan tip is inserted by 50 mm into the duct 

inlet to ensure a better distribution of the incoming cooling air. The end of the finned heat sink is located on the same 

plane with the duct exit this will ensure a minimum back pressure as shown in the Figure (2). 
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Figure 2. Schematic diagram for the experimental rig with Perspex duct and heat sink plain, all dimensions are in 

(mm) 

 

Heating System 

The heating system consists of (nickel-chrome wire) with (0.15 mm) diameter and length (8 m). This nickel-chrome 

wire is warped in a zigzag way and covered by two layers of mica sheet and stainless steel sheet to ensure equal heat 

flux distribution on the heat sink. The dimensions of the heater is (12.5cm× 3cm) heater. The base is made from Teflon 

with dimensions (230mm x 181mm x 30 mm) to contain the heater, heat sink, and Perspex duct in addition to multiple 

fans system with a piezoelectric actuator. The Teflon is chosen because of its ability to isolate and reduce the heat 

leakage from the heater bottom to the ambient. 

NI Compact DAQ Eight-Slot USB Chassis (NI c DAQ -9178) 

This instrument was used in the experiment with (NI 9213) input DAQ which is a high-density thermocouple module 

for Compact DAQ. It’s programmed by Lab View 2018 software. For more information about Compact DAQ 

(www.ni.com). 

Function generator (Atten AT8620) 

A function generator is used to generate different types of electrical waveforms with deferent frequency and multiple 

amplitudes, it generates signals to operation a piezoelectric fan and send these signals to the amplifier. 

The Amplifier (Trek 2205) 

The Trek Model 2205 is one of the generations with high-voltage amplifiers which perform and produce high work 

levels. It's stabilized the input signals with a wide range and both regulated and controlled output signals. It send the 

signal to the piezoelectric actuator after amplifying the signal. 

http://www.ni.com/
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The Transformer 

A regulator (VARIC) type TDGC2 2kVA are Variable AC Power Supplies that provide adjustable AC voltage. 

Transformer 220 V and supplying an alternating voltage of 60 volt to the heater with 0.15 Amp.  

Heat Sinks Manufacturing, Types, and Dimensions 

In the present experimental investigation, a no-finned heat sink and six finned heat sinks are used. All the heat sinks 

that mentioned above are made from aluminum alloy, and are manufactured by CNC milling machines in the workshop 

department at the University of Technology. Each finned heat sink consists of eleven fins of 4 mm thickness 30 mm 

height, a gap of 8 mm is provided between the successive fins. Table (1) provides full details for the heat sinks that 

used in the experimental part. 

Table 1. Types and dimensions of manufactured heat sinks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heat sinks Dimensions 

Length 

(mm) 

Width 

(mm) 

Height 

(mm) 

Fin thickness 

(mm) 

Base thickness 

(mm) 

125 30 30 4 3 

Heat Sinks types 

No. 
No. of perforation 

In one fin 

Perforation  Size 

(mm) 
Weight (gr) 

% Weight 

reduction 

Flat plate heat sink 

1 00 000 29.7  

Solid heat sink 

2 0 00 144.5  

Lateral perforation 

3 6 4 130.8 8.82 

4 9 4 128.1 11.34 

5 12 4 118.1 18.23 

6 6 3 136.2 5.73 

7 6 5 130.8 9.45 
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No-Finned Heat Sink 

The no-finned heat sink is manufactured with dimensions of (125mm × 30mm × 3mm). As shown in Figure (3a). 

 

            (a): No finned heat sink                            (b): solid finned heat sink 

 

           (c): 6 hole 3mm                                          (d): 6 hole 4mm 

 

              (e): 6 hole 5mm                                        (f): 9 hole 4mm 

Figure 3a. Heat sinks types and dimensions, flat heat sink, solid heat sink, lateral perforated heat sinks the six holes 

different holes diameter (3 mm, 4 mm, and 5 mm), and the constant holes diameter (4 mm) different holes number 

(6and 9)  (Continued) 
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Solid Finned Heat Sink 

The solid finned heat sinks can be considered as the references case at which the thermal performances of all other 

heat sinks types are compared with. The solid finned heat sink dimensions and construction is described above and as 

shown in Figure (3b). 

 

(g): 12 hole 4mm 

Figure 3b. Continued, lateral perforated heat sinks constant holes diameter (4 mm) different holes number (12) 

 

Perforated Finned Heat Sink 

The perforated heat sink is identical to the solid heat sink but with circular perforations in the fins. These perforations 

are in different sizes as listed in Table (1). The perforations shape is chosen to be circular based on the results of [13]. 

They compared betwee the behavior of rectangular and circular perforation and they found that the circular and square 

perforated fins have almost the same ability of heat rate reduction but circular perforated fins have better and less 

pressure drop than of square perforated fins. In the present study, perforated fins can divide into two groups: 

1- Lateral perforation with different holes diameter (3mm, 4mm, and 5mm) and a fixed number of (6 holes) as 

shown in Figure (3 c, d, and e) respectively. 

2- Lateral perforation of fixed holes diameter (4mm) and a different number of holes (6, 9, and 12) as shown in 

Figure (3 d, f, and g) respectively. 

The Thermocouples Mesh 

The temperature distribution of all over the domain and test section is measured by thirteen K-types (chromel–

alumel) thermocouples. They divided into three groups: 

1- The first mesh consists of one thermocouple which is located in the free stream to measure the ambient 

temperature. 

2- The second mesh consists of six thermocouples. They are distributed and located at the heat sink base to 

measure the base temperature as shown in Figure (4). 

3- The third groups are consists of six thermocouples located on the fins tip to measure the fin tip 

temperature. 
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Figure 4. Thermocouples mesh for measure the base and tip temperature; all dimensions are in (mm) 

 

The thermocouples are inserted in the heat sink by drilling holes in the chosen points of (2 mm) in both diameter and 

deep. The thermocouple probes are crammed in the holes. 

A data acquisition system jointed the thermocouples wires. It consisting of NI Compact DAQ basin with one NI 9213 

16-channel thermocouple input model, which installed and programed by Lab View 2018 software which records the 

temperature differences. 

Measurement the Air Velocity from the system 

A hot wire anemometer (model: AM-4214SD) is used to measure the air velocity output from the multiple fans system 

with a piezoelectric actuator. With high resolution and measuring accuracy about (0.2-25) m/sec. The air velocity was 

measured at 0.21 m/sec. 

Present Work Procedure 

The aim of varying some parameters and repeat the experiments are to study the temperature distribution affected by 

these parameters, and the convective heat transfer coefficient. These parameters are: 

1- Heat flux range (2400, 1200 and 746 W/m2). 

2- Perforation (3mm, 4mm, and 5 mm with 6 holes in lateral direction) and (6, 9, and 12 holes with diameter 

4mm in lateral direction too). 

To carry out an experiment, the following procedure is followed: 

1- Switching ON the plug and applying the electrical power, and adjust it by the transformer (VARIAC) to 

obtain the specific voltage and current. 

2- Both voltage and current that are applied to the heater are recorded, these reading are used to calculate the 

obtained electrical power as well as the heat flux. 

3- The system is left at least for 45 minutes to obtain the first steady state condition. The temperature data is 

received from thermocouples and recorded by data acquisition system every three seconds until the recorded 

data get constant. At this point, the system reaches its first steady state condition.  
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4- A function generator  is turned ON and amplitude, hertz is chosen to generate the signal and then amplified 

the signal by an amplifier. 

5- The multiple fans system with piezoelectric actuator starts oscillating at the desired amplitude and is left to 

about half hour until the readings of the thermocouples become almost constant. At this point, the system 

reaches its second steady state temperature. 

6- During each run cycle, the variation in the following is recorded: 

a- Varying temperatures that are received by thermocouples in ˚C. 

b- The applied voltage on the heater in volts. 

c- The heating system current in amperes. 

The experiments are done in the mechanical engineering department, Theory of Machines laboratory, and readings 

are taken from the 5th of April to the 27th of June - 2021, from the morning to the noon. 

Heat Transfer Calculations 

Heat Flux 

The heat flux is representing the applied power on a unit of area. The heat flux can be calculated by the following 

equations: 

Qelectric = V × I (1)   

Then the heat flux can be determined from the equation: 

q =
𝑄𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐

𝐴
 (2)                                                               

The heat losses through the air gap from the heating system between the heater and heat sink base area, glass walls, 

Teflon, and thermocouples bulb gap are estimated to be 3%. These losses are subtracted from the electric power to 

obtain the net heat transfer rate. 

Heat Sinks Surface Area 

The surface area of the heat sinks can be calculated by using the below equations: 

a-solid fin 

A = WL +2tbase(L+W)+ Nf [2Htfin + 2HW ]  (3) 

b-lateral perforated fins: 

A = WL +2tbase(L+W)+ Nf [2Htfin + 2(HL − 𝜋∕4d2NP) + 𝜋dtfin Np ] (4) 

The Net Heat Transfer Rate 

The net heat transfer is defined as the heat awarded by forced convection to the ambient. At the steady state conditions 

these losses should be calculated as in the below energy balance: 

QN = Qelectrical − Qloss  (5) 

The Heat Transfer Losses 

The power losses are due to heat leakage by conduction from insulated apparatus sides and bottoms and those can be 

calculated by using Fourier law. Also, the radiation could be another type of losses in the other hand the spread losses 

and air film resistance. The loss of radiation from the test section to the surrounding is reported in similar to [1]. These 

losses a calculated by using the below energy balance: 
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Qloss = Qconduction side + Qconduction bottom + Qradiation (6) 

The heat transfer losses are calculated and found that it's equal to 3% from the Qelectrical. 

The Average Convection Heat Transfer Coefficient 

The overall convection heat transfer coefficient at the heated fins can be calculated from the convectional heat transfer 

equation [14]: 

𝑄𝑁 = ℎ𝐴[𝑇𝑤 − 𝑇∞]  (7) 

Then, the overall heat transfer coefficient can be written: 

ℎ𝑎𝑣 =  
𝑄𝑁

𝐴(𝑇𝑤−𝑇∞)
 (8) 

Heat Sink Porosity Calculation 

Porosity or void fraction can be defined as the void spaces in a material, or it’s the ratio of voids over the total volume. 

The porosity can be written as in the below formula: 

Porosity (ɸ) = 
𝑉𝑣𝑜𝑖𝑑

𝑉𝑠𝑜𝑙𝑖𝑑
  (9) 

Fin Effectiveness 

Calculation of the fins effectiveness for any fin is extremely important to determine fin thermal performance for multi 

porosities. "Although the installation of fins will alter the surface convection coefficient, this effect is commonly 

neglected. Hence, assuming the convection coefficient of the finned surface to be equivalent to that of the un-finned 

base" [15]. Thus, the effectiveness is: 

𝜀 =
𝑄𝑓

𝑄𝑚𝑎𝑥
  (10) 

Error Analysis 

The measurement system is crossing a chain of components with different accuracy. The uncertainties of experimental 

quantities are estimated using the method presented by [16]. 

𝑤ℎ = [(
𝜕ℎ

𝜕𝑉
𝑤𝑉)

2

+ (
𝜕ℎ

𝜕𝐼
𝑤𝐼)

2

+ (
𝜕ℎ

𝜕∆𝑇
𝑤∆𝑇)

2

+ (
𝜕ℎ

𝜕𝐴𝑠
𝑤𝐴𝑠

)
2

]

1
2⁄

       (11) 

Where wh is the uncertainty of the average heat transfer coefficient, was found about 6% 

Repeatability Check 

The experimental readings are taken in the mechanical engineering department laboratory, in the summer season in 

the period of the 5th of April to the 27th of June - 2021, and at various times, from the morning to noon. A comparison 

was made between two reading sets taken when the environmental temperature is 32oC and in the afternoon on another 

day when the environment temperature is 36oC, at the same values of heat flux (q= 2400 W/m2), Comparison results 

give approximately ±2.4% as deviation percent for the temperature values. 

RESULTS AND DISCUSSION 

In the experimental study of the present work 19 test runs are conducted to cover all the parameters investigated. At 

the end of each run the required data were recorded, a physical relationship between the parameters were shown. 

Temperature Distribution 
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Figure 5. No – finned heat sink temperature distribution with constant heat flux 2400 W/m2  
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Figure 6. Solid finned sink temperature distribution with constant heat flux 2400 W/m2  
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Figures (5) and (6) show the temperature behavior with q= 2400 W/m2 for finned and no-finned heat sinks. Two 

regions were observed by examining the entire runtime (if the heat flux is enabled), the first region can be classified 

with multiple fans system with piezoelectric actuator is OFF, and the second region can be classified as the system 

ON. In the first region, the temperature of the heat sink is constantly increased slowly from the ambient temperature 

to the maximum temperature in the first steady state. In the second region show the heat sink temperature decreased 

until it reaches the second steady state condition. Figures (5) and (6) show that the temperature values for the solid 

finned heat sink are lower for the entire duration of the no-finned heat sink. The presence of the fins causing a 

remarkable increase in the surface area of the heat sink and therefore a better heat dissipation and less temperature 

values.  
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Figure 7. Effects of different heat fluxes (2400, 1200, and 746 W/m2) on solid finned heat sink 

 

Figure (7) shows the effect on the wall temperature values of the solid finned heat sink imposed different heat flux 

(2400, 1200, and 746 W/m2). The temperature values are increased with more heat dissipated as the imposed heat flux 

is increased.  
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Figure 8. Effects of different lateral perforations size, on temperature distribution with constant heat flux 2400 

W/m2 

Figure (8) shows the effect on wall temperature behavior by using a lateral perforated finned heat sink with varying 

holes, at q= 2400 W/m2. When used perforated finned heat sink can be seen to influence the temperature values and 

the time necessary for the steady state. When using a perforated finned heat sink, a better heat exchange is provided 

instead of the conventional solid finned heat sink and lower wall temperature values.  
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Figure 9. Effects of different lateral perforation numbers, on temperature distribution with constant heat flux 2400 

W/m2 
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Figure (9) showing the effect on the wall temperature behavior with q= 2400 W/m2 of using lateral perforated finned 

heat sink with different number (for equal diameter of hole). The overall fins heat transfer performance in the holes is 

directly proportional to the increase in the number of holes as the fins surface area is increased. Figure (9) also shows 

that when the number of holes is increased the value of the wall temperature at the final steady state condition is 

decrease. The increased in the holes number also caused a reduction in the heat sink weight as shown in Table (2). By 

comparing the results of Figures (8) and (9) we conclude that in the case of lateral perforated heat sink the increased 

of the holes number is preferable on the increased of the holes size due to the increase in the fins surface area and 

lower temperature values. 

 

Table (2): Solid and perforated finned heat sinks properties 

 

 

 

 

 

 

 

 

 

 

No. 

Heat 

Sink 

Type 

No. of 

Holes 

Hole 

Diameter 

mm 

Surface Area  

m2 

Weight 

gr 
WR% 

hav   

W/m2.°C 
ε Porosity 

1 Solid — — 0.02712 144.5 — 13.61 6.78 — 

2 LP 6 3 0.0286743 136.2 5.73 15.18 7 0.03667 

3 LP 6 4 0.0287779 131.7 8.82 17.51 7.15 0.06520 

4 LP 6 5 0.0287943 130.8 9.45 19.08 7.19 0.10188 

5 LP 9 4 0.0296068 128.1 11.34 17.93 7.34 0.09781 

6 LP 12 4 0.0304358 118.1 18.23 21.50 6.18 0.13041 
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Figure 10. Effects of different lateral perforation size on heat transfer coefficient with different heat flux (2400, 

1200, and 746 W/m2) 

Figure (10) shows the variation of with heat fluxes for solid and 3, 4, and 5mm lateral perforations finned heat sinks 

of six perforations on the average heat transfer coefficient. The general trend of the average heat transfer coefficient 

for the case of LP finned heat sink is corresponded with that of the solid finned heat sink, when the heat flux increased 

the average heat transfer coefficient also increased due to the high heat dissipation when the increased of heat flux. 

Figure (10) also shows higher heat dissipation with the use of LP finned heat sink and this caused higher average heat 

transfer coefficient values when the heat flux is increased in comparison with the solid finned heat sink. Figure (10) 

also shows that the average heat transfer coefficient values for 5mm holes size are higher than from another for the 

case of LP finned size of the heat sink due to increase of the fin surface area. 
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Figure 11. Effects of different lateral perforation number on heat transfer coefficient with different heat flux (2400, 

1200, and 746 W/m2) 
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Figure (11) shows the variation of the average heat transfer coefficient with heat fluxes for solid and 6, 9, and 12 

lateral perforations finned heat sink of 4mm of perforations. Similar to the Figure (10), when the heat flux is increased 

the average heat transfer coefficient values are increased too and the average heat transfer coefficient increased with 

lateral perforations number heat sink. Figure (11) also shows that the average heat transfer coefficient values for 4mm 

with 12 holes are higher than from another for the case of LP finned number of the heat sink due to increased in flow 

turbulences with higher number of perforations. This results represents evidence for the necessity of using a perforated 

heat sink when used multiple fans system with piezoelectric actuator. 

Fin Effectiveness, Porosity and Weight Reduction 
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Figure 12. Effects of porosity on effectiveness for different lateral perforation size heat sinks with constant heat flux 

2400 W/m2 

 

The variation of fin effectiveness is shown in Figure (12)  at which the lateral perforated finned heat sink with different 

size of hole is subjected to a constant heat flux of q=2400 W/m2. It can be seen that the fin effectiveness is proportional 

to the porosity variation of the finned heat sink.  
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Figure 13. Effects of weight reduction on effectiveness for different lateral perforation size heat sinks with constant 

heat flux 2400 W/m2 

The use of the multiple fans system with piezoelectric actuator reduced the power consumption if compared with the 

conventional fan. Another important distinguished in the present work weight reduction due to the use of perforated 

fins in comparison with solid fins as shown in Table (2). The use of perforated fins reduced the manufacturing coast 

by saving material, and also caused increased in overall heat transfer rate from the heat sink. This advantage of weight 

reduction is seen in Figure (13) for the case of the lateral perforated finned heat sink with different size of hole is 

subjected to a constant heat flux of q=2400 W/m2. It can be seen that the fin effectiveness is increased although from 

weight reduction to give evidence of fin improvement by means of power reduction, coast and weight reduction. 
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Figure 14. Effects of porosity on effectiveness for different lateral perforation number heat sinks with constant heat 

flux 2400 W/m2  
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Figure 15. Effects of weight reduction on effectiveness for different lateral perforation number heat sinks with 

constant heat flux 2400 W/m2 

 

Figures (14) and (15) shows the lateral perforated finned heat sink with 4mm different hole is subjected to a constant 

heat flux of q=2400 W/m2. It can be seen that the fin effectiveness is increased, the porosity and weight reduction is 

increased to a certain value of porosity and weight reduction at this point the increased in porosity and weight reduction 

will cause unfavorable effect and caused a reduction in the fin effectiveness values due to a reduction in the diffused 

energy from the heat sink base towards the fin tip because the decreased in the effective cross sectional area of the fin 

at the positions of these perforations.  

Comparison with the Previous Experimental Works 

 

Figure 16. General behavior of experimental temperature distribution in present (right) and previous (left) work 

 

Comparing the experimental results of both present and previous work show good agreement with that of [17] the 

general behavior of temperature distribution as shown in the Figure (16).  
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CONCLUSIONS 

Solid and perforated finned heat sinks that exposed to a different heat flux and integrated with a multiple fans system 

with piezoelectric actuator has been investigated experimental. Below the conclusions abstracted from the present 

investigation. 

- The advantage of using the multiple fans system with piezoelectric actuator is the reduction in weight, cost, 

noise, and power consumption. 

- The perforated finned heat sink produces weight loss, low cost, and an increase in the surface area of the heat 

sinks. 

- Increasing the perforation size and number caused increased in the finned heat sinks surface area. 

- The average heat transfer coefficient values increased with increasing the number of perforations about 15% 

and increased with increasing the perforations size about 20%. 

- The increase in the heat flux in lateral perforated finned heat sinks caused increased in the average heat 

transfer coefficient by around 40%. 

List of Symbols 

A Heat Sink Surface Area, m2 

Ad Effective Cross Sectional Area of the Duct, m2 

d Diameter of Perforation, m 

hav Heat Transfer Coefficient, W/ (m2. K) 

H Fin Height, m 

L Length, m 

Nfin Number of Fins  

NP No. of Perforations 

LP Lateral Perforation  

Qf Heat Transfer From Finned Heat Sink, W 

Qmax Heat Transfer From No Finned Heat Sink, W 

QN Net Heat transfer, W 

tbase Heat Sink Base Thickness, m 

tfin Fin Thickness, m 

T∞ Ambient Temperature , ℃ 

Tw Wall Temperature, ℃ 

V Air Velocity, m/s 

W Width, m 

ε          Effectiveness 
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