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ABSTRACT

Synthetic jet is an unsteady jet which generatdsutance fluid

flow, which is effective in cooling the microeleatric devices.
The oscillating diaphragm of the synthetic jet proes the air
flow and delivers to the microelectronic heat siokthe cooling

process. In this paper, an experiment was carriad to

investigate to cooling performance of the synthgtic on the
microelectronic heat sink by varying driven freqogrand heat
dissipation rate of the heat sink. The driven fextpies range
from 0 Hz to 8 Hz and the heat dissipation ratesgyeabetween
2.5W to 9W. The Cooling Performance of the synthégi is

evaluated by the thermal resistance and NusseltbeunThe

results reveal that the thermal resistance degrasdsthe Nusselt
number increses, with both driven actuator frequerand

Reynold number.
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NOMENCLATURE

Re Reynold Number

U Flow Velocity

Dy, Hydraulic Diameter
v Kinematic Viscosity
Ry Thermal Resistance
Ty Heater Temperature

Ambient Temperature
Heat Dissipation

Heat Transfer Coefficient
Heat Sink Temperature
Surface Area of Heat Sink
Nusselt Number

Thermal Conductivity

w§$mﬂ:,og~1

1.0INTRODUCTION

As the space of the high power microelectronicesysis limited,
a greater amount of heat is generated during dpergieriod.

Thus, a high efficiency cooling system is requitedemove the
residual heat from the heated devices to the sndiog. Active

cooling method has recently drawn the attention the

microelectronic devices. Synthetic jet which isodksown as the
active cooling method offers zero net mass flux aodexternal
fluid source is required to operate the system.ti®tic jet

consists of an air cavity, oscillating diaphragnd agrifice as
shown in Figure 1. The oscillating diaphragm instite synthetic
jet generates a periodic volume change in the casitwell as the
pressure variation. Air fluid is entrained into aexpelled out
from the orifice which is connected with the cavity

Cavity Orifice

Oscillating
Diaphragm

Figure 1: Synthetic Jet Operation
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The researchers, Mahalingam and Glezer [1] had setiow
that synthetic jets can eventually lower the terapee of the
high powered heat sink from 715 °C to 36 °C. Besid
Mahalingam and Glezer also proved that the syrmthfis
dissipated around 20%—-40% more heat than fan a@aelith a
flow rate of 3-5 Cubic Feet per Minute (CFM). Bhapk
Srivastava, and Agrawal [2] show the cavity shapeyg an
important role in enhancing the heat transfer dciefiit with
synthetic jets. The proper orifice shape can imprperformance
of synthetic jet at lower jet-to-surface spacingifi©e shape also
further explained by Chaudhari et al [3] by examgnithat a
higher heat transfer enhancement in square ord&ceompare
with a rectangular or circular shape orifice agtarz/d while
rectangular orifice provide better performance vagpect ratio
between 3 to 5.

The highest heat transfer enchancement is occuatrdte
smallest jet-to-surface spacing (z/d = 2). Diffusghaped orifices
with opening angle of 60° improves the heat tranisje30% than
the round orifices. The opening angle between 0d &0°
produced the highest heat transfer [4]. Experingtndly of the
effect of orifice shape on heat transfer charasties of a
synthetic jet on a heated flat plate had been attedlby Bhapkar
et al [5]. The increasing in aspect ratio of osfiwill reduce the
heat transfer. The elliptic orifice is examinedgtined better heat
transfer as compare with other orifice shape. lnasg shaped
heated element, the largest hydraulic diametersamdlest aspect
ratio produce the highest cooling performance. Biassumber
decrease up to 85% of the peak value by doublie@#ipect ratio
and maintain the hydraulic diameter [6]. A highect®n duty
cycle of the synthetic jet at low Reynold numbeil wenerate
greater penetration depth into the surroundingifldi.

In this paper, cooling performance of synthetiogéh multi
rectangular slot orifices at difference driven fregcies and heat
dissipation rate are investigated.

20EXPERIMENT SETUP

2.1 Pneumatic Cylinder

The font text should be Times New Roman for whotgpeqy
included main texts, title and subtitle. Title shkibbe written in
Times New Roman Font Size 18, Capital Letter frstfalphabet
of word,BOLD and centered alignment.Font size BQLD and
CAPITAL LETTERused for subtitle, (Example: 1.0 SUBTLE,
ABSTRACT,KEY WORDS, NOMENCLATURE). Sub-subtitle
should be used font size BOLD and CapitalizeEachWord. Font
size 9 should use for other text in the paper. KE¢ WORDS
should be usedTimes New Ronh@ALICsize 9.

The pneumatic synthetic jet consists of a doublmg@pneumatic
cylinder, diaphragm and a steel cylinder as shawifigure 2.
Steel cylinder acts as the holder to hold the pragieneylinder in
a fixed position. The synthetic jet is placed &t fitting of the air
chamber by epoxy.

10.60mm

Pneumatic
Cylinder

Steel
Cylinder

Diaphragm

Figure 2: Pneumatic Synthetic Jet

2.2 Air Chamber

The air chamber is made of Perspex with 8 rectamgalbt
orifices. An air chamber with dimension of 90mm Zném X
65mm is designed. The air chamber consists of #mgalar slot
orifices with 40mm X 9mm respectively as shown igufe 3.
Figure 4 shows the design of the air chamber wjtimder fitting
and orifice. The flow velocity of each driven fremey is
measured by using the anemometer.

Figure 3: Air Chamber

Figure 4: Rectangular Orifices

2.3 Control System

The raspberry pie control system is used to coritrel driven
frequencies of the pneumatic cylinder. Python Cisdereated in
raspberry pie control system.33 way pneumatic valve with
solenoid is also used to deliver the high pressure
compressed air to the pneumatic cylinder and térobtine
flow speed produced by the synthetic jet. The radgione

for the solenoid is 3 second which is sufficienfptrform

at the experimental frequencies.
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Figure 5: (a) Raspberry Pie Control System (b) StnesValve
with Solenoid

2.4 Heat Sink with Heater

Aluminium heat sink with dimension of 47mm X 43mm X
13.6mm is used in the investigation. A heater aghB0X 50mm
was attached at the bottom of the heat sink. Nigdlely (Type
K) thermocouples was used and placed at the diffdoeations
along the experiment in order to collect and meastire
temperature of the heat sink. One of the thermdeouyere
placed at the center heater while another 5 thevome were
placed at different locations at the heat sinkresvs in Figure 6.
Another thermocouple was used to measure the ambien
temperature. All the temperatures were recordedstoréd in the
Digi-Sense Scanning Thermometer.

@ (b)
Figure 6: (a) Location of the Thermocouple (b) Aloom Heat
Sink

3.0DATA DEDUCTION

Reynolds number {Re} is defined as the ratio ofriia¢
forces to viscous forces. Re is also representdiimensionless
flow characteristic that is generated by the pndiorgynthetic
jet. Re of the fluid is calculated as below:

U-Dy
v

Re = 1)

Thermal resistance{R7} is undoubtedly affect the cooling
performance of the synthetic jet and it can be determined by
equation below:

Th=Too

Heat transfer coefficient {h} of the heat sink is determined
based on the equation below. h is assumed to be equivalent
along the orifices

Q=hAr(Ts — Ts)

°
@)

The Nusselt number {Nu} is used to characterize the heat
transfer from a solid surface to the surroundings.

- 4)

4.0RESULT AND DISCUSSION
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Figure 7: Graph of Ragainsf

Rris one of the factor that influences the coolingfgenance
of the investigation. In the experiment, the pnetieneylinder is
supplied by 4 bar compressed air pressure. Thifferatit heat
dissipation are investigated with different drivéequencies.
Figure 7 show the findings of thermal resistancthwlifference
driven frequencies and heat dissipations. The lovilesrmal
resistance indicates more heat transfer to thesading. From
the figure, it shows that the thermal resistancereises as the
driven frequency increases in all three heat dédgip. 9W power
dissipation shows the lowest thermal resistanceoagpare with
others heat dissipation. This shows that 9W heasiption
induces the most heat transfer to the surrounddegides, driven
frequencies also influences the thermal resistaisethe driven
frequency increases, the flow velocity will increaghich lead to
higher convection effect in all three heat dissgat Driven
frequency of 8Hz shows the lowest thermal resigtaasccompare
to other driven frequencies. The lowest thermalistasce
(4.99C/W) atf of 8Hz and power dissipation of 9W.
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transfer. Figure 9 shows the relationship of Naiagt Re. As Re
increases, Nu also increase. With the increasingdriiven

frequency and flow velocity lead to increasing ia. Rhis shows
more convection heat transfer to surrounding andridteases as

160.00 well. The highest Nu (28.22) is occurred at drifeequency of
- 8Hz and heat dissipation of 9W.
140.00
120.00 5.0 CONCLUSION
100.00 v Cooling performance of the pneumatic synthetic éth
multi rectangular orifices is successfully inveatgd. The
< 80.00 1 v increasing synthetic jet driven frequency leadnizréasing in the
60.00 flow velocity. This eventually induce more convecati heat
’ transfer to the surrounding and cool the heated bie&k. The
40.00 highest heat transfer coefficient, the highest Nd ¢éhe lowest
thermal resistance are occurred at the driven &equ of 8Hz
20.00 and heat dissipation of 9W. Pneumatic synthetiajetoubtedly
0.00 enhances the cooling performance of the electrenices.
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Figure 9: Graph of Nu against Re

Nu is an important dimensionless quantity in heangfer
which relate the convection heat transfer withdbeduction heat
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