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ABSTRACT

Advances in the field of avionics have resulted in a significant increase in density Integration, clock rates, an
emerging trend of miniaturization of modern electronics. This resulted in dissipation of high heat flux at the chif
level. In order to satigf the junction temperature requirements in terms of performance and reliability,
improvements in cooling technologies is required. As a result thermal management is becoming important ar
increasingly critical to the avionics industry. The task of maiiigiacceptable junction temperature by dissipating
the heat from the integrated circuit chips is a significant challenge to the thermal engineers. Air cooling is th
simplest and principal method of thermal control of avionic systems.-dawer electronicsystems are
conveniently cooled by natural convection and radiation. When natural convection is not adequate, the force
convection is adopted by a fan or blower to blow the air through the enclosure that houses the avionic componer
But, most of the awanic systems must be air tight or sealed, to survive harsh environment, shock load, high
vibration, acoustics and EMI/EMC problems. Along with the above concerns, the issue of weight adds to th
complexities of thermal management.To overcome above propéepiszoelectric micro blower, which have large

air discharge, has to be designed. This micro blower is anagitnpact piezoelectric device that is thin enough to

be installed in the gaps found in densely packed avionics and develops a high enougb frgenerate sufficient

flow rate. The project work deals with the design and analysis of a piezoelectric micro blower. CFD is performed fo
the flow analysis of a blower.

Keywords: Bimorph Piezoactuated, EMI/EMC, CFD, Integrated Circuits, LS|, CEO, RLE

I. INTRODUCTION The invention of the bipoldaransistor in 1948 marked
the beginning of a new era in the electronics industry

The field of electronics deals with the construction angnd the obsolescence of vacuum tube technology.
utilization of devices that involve current flow throughTransistor circuits performed the fuimns of the
a vacuum, a gas, or a semiconductor. This exciting fiekRcuum tubes with greater reliability, while occupying
of science and engineering dates back to 1883, wheggligible space and consuming negligible power
ThomasEdison invented the vacuundiode. The compared with vacuum tubes. The first transistors were
vacuum tube served as the foundation of themade from germanium, which could not function
electronics industry until the 1950s, and played Rroperly at temperatures above 100°Gosthey were
central role in the development of radio, TV, radar, anteplaced by silicon transistors, which could operate at
the digital computer. Of the several Computer§iuch higher temperatures.
developed in this era, the largest and basw is the
ENIAC (Electronic  Numerical Integrator and The next turning point in electronics occurred in 1959
Computer), which was built at the University ofwith the introduction of thentegrated circuits (IC),
Pennsylvania in 1946. It had over 18,000 vacuum tub&éere several components such as diodes, trarsist
and occupied a room 7 m *14 m in size. It consumedrgsistors, and capacitors are placed in a single chip. The
large amount of power, and its reliability wasor number of components packed in a single chip has been
because of the high failure rate of the vacuum tubes. increasing steadily since then at an amazing rate, as
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shown in Fig.1. The continued miniaturization offormidable task and a major concern for the safety and
electronic components has resulted mediumscale reliability of the electronic devices. The heat fluxes
integration (MSI) in the 1960s with 50 to 1000 encountered in electronic devices range from less than 1
components per chiparge-scale integration(LSI) in  W/cn? to more than 100 W/ctmHeat is generated in a
the 1970s with 1000 to 100,000 components per chipgsistive element for as long as current continues to
and very largescale integration(VLSI) in the 1980s flow through it. In general, a vehicle-emtering the

with 100,000 to 10,000,000 compare per chip. Eart héds at mosphere wil. h a\
Today it is not unusual to have a chip 3 cm * 3 cm iits surface. Figure 2 shows the heat flux variation with
size with several million components on it. comparative technologies trend. VLSI electronics heat

flux can be comparable with that of-eatry heat flux;
The development of thenicroprocessor in the early this heat flux is very high. Thermabtanagement must
1970s by the Intel Corporation marked yet anothdre provided for these electronics.
beginning in the electronics industry. &h
accompanying rapid development of laggacity
memory chips in this decade made it possible to - -
introduce capable personal computers for use at work or 30
at home at an affordable price. Electronics has made its 80
way into practically everything from watchet®
household appliances to automobiles. Today it is
difficult to imagine a new product that does not involve
any electronic parts.
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é/vhen the rate of heat removabm it equals the rate of
heat generation. Individual electronic components have
no moving partsand thus nothing to wear out with time.
Therefore, they are inherently reliable, and it seems as
if they can operate safely for many years. Indeed, this

wherel is the electric current ani is the resistance. WoUd be the case if components operated at room
When the transistor was first introducétwas touted temperature. But electronic components are observed to

in the newspapers as a dalyndg grolonged yse g high temreratures. Pesgible, o
This certainly was a fair statement, considering thgause's of fal.lure are@n"fusmn N .semlcondu'ctor

huge amount of heat generated by vacuum tubergaterlals,chemlcal reactionsandcreepin the banding
Obviously, the little heat generated in the transistor ngaterlalg, ampng .other things. The fallgre rgte of

no match to that generatatlits predecessor. But when electronic devices increases almegponentiallywith

thousands or even millions of such components ame operating temperature, as shown in Figure 3. The

packed in a small volume, the heat generated increa§é)é)|er the electronic device operates, the more reliable

to such high levels that its removal becomes gis.AruIe of thumb is that thiailure rate of electronic

Figure 1.1: The increase in the number of component
packed on a chip over the years

The current flow through a resistan is always
accompanied byeat generationin the amount of°R,
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components is halved for each 10°C reduction in theinodelled in SOLIDWORKS software and the flow
junction temperature. analysis is carried out using the CFD commercial
From a reliability and performance point of view,software COMSOL MULTIPHYSICS. The medium
thermal management needs to be carried out for evarged in this analysis is air. The velocity distribution and
electronic device which dissipates heat. Thisssential mass flav rate of the piezoelectric micro blower are
for modern electronics, for as they consume morebserved.

power, they also generate more heat. This has led to the

development of computational fluid dynamics (CFD)The first objective is the selection of piezoelectric
simulation software and advances in thermahctuator material for the fixed outer dimensions of
management techniques. The increasing conglexid micro blower. Once the modal, transisttuctural and
power density of modern electronics has challenged tipeeviously mentionedalues are decideFD analysis
traditional approach of using prototypes and testingf the piezoelectric micro blowés performed to obtain
The modern CFD simulation software developed foa better understanding tife piezoelectric micro blower
challenging environments and high power dissipation

devices has led to a reduction in theoguct U 3D model and 2D drawings of theezoelectric

development cycle. micro  blowers  developed by using
SOLIDWORKS software
10 4 0 Static structural analysis of actuator model is
- _ Failure at T°C done inCOMSOL MULTIPHYSICSsimulation
| Al ab 75°C softwareto optimize the actuator dimensions.
L U Modalanalysis of actuator model is done in
COMSOL MULTIPHYSICS simulation
. 5: softwareto know the operating frequency of the
actuator.
T U TransientStructural analysis of the actuator is
5] performed in COMSOL
T MULTIPHYSICSsimulation softwareto study
14 the dynamic displacement and stress.

U Coupled Multiphysics analysis of Transient
structural and Fluid flow is performed in
Figure 1.3 : Theincrease in the failure rate of bipolar COMSOL MULTIPHYSICS simulation
digital devices with temperature software

T T T
20 40 60 80; 100 w120 = 140 S EC

. METHODS AND MATERIAL Design & Simulation of Piezoelectric Micro Blower

2.1: Selection of shape and outer dimensions of
The work deals with the study the fluid characterizatiopjezoelectric Micro blower:

of the piezoelectric micro blower. CFD is perfornied
the flow analysis of piezoelectric micro blower usingrhe outer shape and outer dimensions of piezoelectric
COMSOL MULTIPHYSICS simulation software. The micro blower depend upon the mounting spaeailable
results of flow analysis are used to study the therm@dr the micro blower in avionics package. Generally
characteristic of a piezoelectric micro blower forcommercial piezoelectric micro blower outer shape is
cooling a hot component. An attempt is alsodmdo  square with outer dimensions of 20mmx20mmx2mm.
study the effect of the load i.e. voltage appliedThys the mounting are required for those types of
frequency and the orifice diameter on the performanggowers are area of the base of that blowkre we are
of piezoelectric micro blower. going to design a circular piezoelectric micro blower of
diameter 35mm.These circular piezoelectric micro
The piezoelectric micro blower designed in this projeg§jowers need less mounting area on compared to the
consists of single actuator plate, which is operated Bggular commercial micro blowers. The height of the
sinusoidal voltage. The piezoelectric micro blower isnicro blower is selected based npdhe transient
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structural analysis. The actuator plate, top plate, floMaterials used for this Static structural analysis are as
path plate, separator plate, blower chamber plate, dotlows:
bottom plate will have the same circular outer shape Attuator plate: Aluminium platef 30mm diameter and
diameter 35mm. 100um thickness

Piezoelectric plate: Circular PZAH of 20mmdiameter
2.2: Selection of Type of actuator diaphragm and thickness of 100pum
dependent won the type of arrangement of
piezoelectric materials: 2.3: selection of material for actuator diaphragm:

The diaphragm of the present project may be any one28.1: Selection of material for piezoelectric plates:
the following types: Recently, several piezoelectric reasls, Lead Titanate
Zirconate Ceramics (PZ%4, PZT-5A, PZT-5H, and
Unimorph: A unimorph diaphragm formed by PZT-7A etc.), Barium Titanate, and Poly vinylidene
attaching a piezoelectric element to one surface ofFtuoride are invented and characterized. The
resin plate or a metal gy the piezoelectric elementpiezoelectric material should have high & ds; values
expanding and contracting in a planer direction. to get maximum deflection in direon of polarization
as well as in the radial direction. Among all the above
Bimorph: A bimorph diaphragm formed by attachingmentioned piezoelectric materials RBH has the high
piezoelectric elements to both surfaces of a resin platg & ds; values. And also The PZ3H ceramics
or a metal plate, the piezoelectric elements eaekhibited the largest piezoelectric coefficients at room
expanding and contcéing in a direction opposite that oftemperature.PZbH exhibited the largest piezoelectric
the other piezoelectric element. properties up to its Curie point (1°@). This PZF5H
material possess properties that are suitable for use in
some aerospace applications. Because of all these
reason we are selecting PBH as piezoelectric

Shell laver \‘ . . .
' )A 7~ _— material forthis project. [10]

Parch laver

Hhmorph Brnorh Piezo Mat (PIEZ) Table Fq X
Material 1 Piezoelectric strai| Y z
; A i ; matrix [d] X 0.0000
Figure 2.1:Unimorph and Bimorph arrangement 0.22000E10
0.0000
Multilayer bimorph: A bimorph diaphragm formed by Y 0.0000 -
attaching a multilayer piezoelectric element to one 0.30000E10
surface of a resin plate orraetal plate, the multilayer 2‘0000 0.0000
piezoelectric element being capable of bending itself; 0.30000E11
and a diaphragm entirely composed of a multilayer 0.0000
piezoelectric element. [10] Piezoelectric stress matrix [¢ X
computed from the piezoelectr| Y V4
i i i i strain matrix [d] and anisotropi| X 0.0000
For the present project, Multilayer bimorph is not | gjasticity matrix 0.28756E01
suitable. If we use muHayered bimorphtiresults in 0.0000
the increase in the height of the actuator. Thus results in Y 0.0000 -
. . . . 0.51864E01
the more chamber height, which automatically results in 0.0000
the increase of the height of piezoelectric micro blower. 7 0.0000 -
The diaphragm of the present project is may be any of 0.70137E03
the unimorph ad bimorph. The selection in between , 0.0000
nimorph and bimorph is decided by the static structura D Matrix D11 0.50000ED9
unimorp imorp Dy the static _ D12-0.14500E9
analysis done in COMSOL multi physics simulation D13-0.14500E9
software. [7] D22 0.5000089
D23-0.14500E9
D33 0.50000ED
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D44 0.12903ED8 vibrates with smaller deflections. So, we are taking

constant stress 12.000 12.00(
Piezoelectricity e (ch2) 0.0 00 -54
00 OO _54 3 (direction of polarization)
0.0 0.0 158 L
00 0.0 00 AL=dV,=
0.0 123 00 ¢ -
12.30.00.0 AW =d,V, —
Permitti-#)ixx09 U [8.107 O 0 »
0 8.107 0 At=d,V,
0 0  7.34¢
Compliance S (m2 M) x1012 16.4 -5.75 -8.45 Figure 2.2: The deformation and simply equations of
0 0 0 the piezoelectric material
0 16.4 -8.45
0 0 0 . . . .
18.8 The strain developed by the piezoelectritaterial
0 0 O depends upon the Voltage applied across the electrodes.
i)l’”s"'mgtry 0 In our case direction of polarization of beam is in the
' direction of d, i.e. along the thickness direction.
475 0
Change in thickness of piezo on application of V
, 47.5 voltage across the thicknesgjisen by the formula
Density (Kgm3) 7500 Vo 0 & 41
Poi sonds ratio]03 ) _0 ] ] (4.1)
Youngbs modul ug126 The strain developed in the piezoelectric plate along
thickness is given by,
| | N A = —8 @42
Table 2.1 Material Propertiefor Two Dimensional . _—
When these piezosare attached to the vibrating plate, the
BimorphPZT-5H strain developed by the piezos is equal to thairst

acted upon the vibrating plate. Thus deformation occurs
. . o in plate. To get the maximum strain in the vibrating
2.3.2: Selection of material for vibrating plate: plate the thickness of piezoelectric material should be

A vibrating plate should have low stifiness to bend anghy smajl. For this project we are taking a piezoelectric
high strength to withstand for the vibrations caused Wickness of 100um. By usin above mentioned

the pI.EZO actt-Jatlo-n. Here we are mgpito select the_parameters the actuator plate is designed.
material of vibrating plate by the results of static

structural analysis done in COMSOL multi physic$ 4. podel analysis of actuator:
simulation software for different materials. [1]

o ) _ ) _ Modal analysiss the study of the dynamic properties of
For this simulation bimorphpiezarrangement is used. g¢\ctyres under vibrational excitatiofhe goal of

The vibrating plate of diameter 30mm and thickness g4 analysis in structural mechanics is to determine

100um is used. Piezo electric material, P of 0 hatyral mode shapes and frequencies of an object or
diameter 30mm and thickness of 100um is usegtlructure during free vibration.[2]

Material of vibrating plate is varied as Aluminium,

Copper, Iron, Nickel, Silica G&s, Silicon and Steel. 14 gqye this analysis the boundary conditions and mesh

formed are shown below. The diaphragtat@ is fixed
at edges and voltage is not applied across the
piezoelectric materials

2.3.3: Selection of thickness of vibrating plate and
piezoelectric plate:

The thickness of the vibrating plate and piezoelectric
material should be very small. As the thickness of these
plates increasethe stiffness also increases. Then plate
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Time = variable in seconds
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U e b A NSO KNWSUW O N
— T —T—T—T—T—T7

10 (o] 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
10 TIME PERIOD

Figure 2.4:Sinusoidal input for transient structural
analysis

From theresults the maximum displacement of the
actuator is found to be 22um peak to peak. So, we are
taking the blower chamber height as 1.75mm. The
thickness of the bottom plate should be greater than the
average displacement of actuator and thickness of
piezoeéctric patch, so it is taken as 2mm.

10

10 Point Graph: Displacement field, Z component (um) o

T
20

Figure 2.3: Bimorph Piezo actuator with fixed
constraints at edges and mesh applied 1e

2.5 Transient structural analysis of actuator:

nt field, Z component (um)
w

This analysis is done to optimizke total deformation
and the stress generated by the actuator plate due tog ¢
AC voltage. By this analysis we can finalize the heighf; 6
of blower chamber and thickness of bottom plate «
piezoelectric actuator. The average deflection of tt

actuator is teen as the height of the blower chamber. A oz oo% oo 0i® G0 Doz GO0 Dol

Time (s)

Figure 2.5: Displacement of actuator indirection in
transient analysis

m

Di

Boundary condition: Ends of the actuator (plate) is
fixed. Hence the displacements and rotation in all the
three directions are restrained to simulafeansient

analysis is run for 20 cycles. Separator plate is designed with a diameter of 30mm

and thickness of 0.1mm. The hole at the centre of the
separator plate serves as a figg¢wing. The diameter of

shell element, and then the boundary condition ESt openi_ng is taken as 0.6mm. The flow path plate
applied. Then the applied load is defined using tﬁglckness is taken as 0.4mm to create a clear path for the
option o6functiond in th én?o'a"@gff_l?wn"i1 tp gh%brl]ogler C&'Wer' jTh[e top pgate as
that applied voltage has no phase difference thickness is taken as 0.35mm for this project. The outlet
The voltage igiven in the form of sinusoidal wave as which isat the centre of top plate and in axis with the
first opening diameter is taken as of 0.8mm. A nozzle of

V=Vo*sin (2*8*f*t) | nhei\grg |2mn is designed. All are designed us'tng1 ,

SOLIDWORKS design software.

Voltage: For the analysis the plate is meshed using

Where, f= frequency of vibration of the plate
Vo=14V,,
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Figure 2.6: (a)Vibrating plate; (b) PZT Figure 2.8: (a) Top Plate; (b) Blower Chamber

Figure 2.7: (a) Assembly of Vibrating Plate + PZT;
(b)Separator Plate

Figure 2.9: (a) bottom plate; (b)Nozzle
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approximate numerical solution is sought. In the context
of mechanics, the science and practice of obtaining
approximate numerical solution using digital computers
is termed computational mechanics. For thefiia
problems, this approach igopularly known as
computational fluid dynamics (CFD). Thus, note that
although word heat transfer is missing from CFD, it is
an intrinsic part of this discipline. CFD deals with
approximate numerical solution of governing equations

based on the fundameahiconservation laws of physics,
Figure 2.10: (a)Side cover; (b) Pin on which connects namely mass, momentum and energy conservation. The
separator and top plate CFD solution involves

1 Conversion of the governing equations for a
continuum medium into a set of discrete algebraic
equations using a process called discretization.

1 Soluion of the discrete equations using a high
speed digital computer to obtain the numerical
solution to desired level of accuracy.

Computational fluid dynamics (CFD) has become an

essential tool in analysis and design of thermal and fluid

flow systems in wle range of industries. Few
prominent areas of applications of CFD include
meteorology, transport systems (aerospace, automobile,

high-speed trains), energy systems, environment,
electronics, biemedical (design of life support and drug
delivery systems),etc. Component designers and

Figure 2.11: Final assembly of piezoelectric micro

blower . . i . .
systems architects are increasingly turning to electronic
E design automation (eda) to reap cost saving and
‘ timesaving benefits.
Fluid i_Structural Interaction Problem

The Multiphysics iteration between the bimorph
piezoeleatic actuator, which deforms due to the
alternating voltage and the fluid, COMSOL
Multiphysics a suitable tool for the computational
) analysis of the bimorph piezoelectric micro blower. For
1 b this analysis, the axisymmetric model wizard was
— selected in COMSOLmultiphysics. The entire micro

blower is converted in to 2D axisymmetric model and
Incompressible laminar flow and moving mesh (ALE)
were used.

Figure 2.12: section view of micro blower

2.12 Transient Fluid-structural Flow Analysis CFD
Based

. . _ Steps for the Multiphysics Analysis
Mathematical modelling of a continuum problem leads

to a set of differential, integral or integwifferential In modal wizard select 2D axisymmetric model. In

equations. Exact analytical solution of such equa'['onsrﬁultiphysicsselection, select piezoelectric device from

limited to problems in simple geometries. Hence, fogolid mechanics, Moving mesh (ALE) under
most of the problems of practicainterest, an ’
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Mathematics>Deformed Mesh and Laminar flowspf)
interface, found under the Singhhase Flow branch in
flow analysis.

The Solid Mechanics (solidinterface, found undethe
Structural Mechanicdranch when adding a physics
interface, is intended for general structural analysis
3D, 2D, or axisymmetric bodies. In 2D, plane stress
plane strain assumptions can be used. The So
Mechanics interface is based on solvin|p Mi e
equations, and results such as displacements, stres
and strains are computed. [8]

The Moving Mesh (ale)interface, found under the
Mathematics>Deformed Meshranch when adding a
physics interface, can be used to create models wh
the geomew, here represented by the mesh, chang
shape due to some physical phenomena without mate
being removed or added. The difference between t
Deformed Geometry and Moving Mesh interfaces i

Model Builder
- ® v STEL D~
4 % FSLmph (root)
4 () Glabal
£) Definitions
i) Materials
4 i- Compenent1 (comp1) {compli
= Definitions

' Geometry 1 {geom1}

2= Materials
4 5 Solid Mechanics (solid) {solid}
& Linear Elastic Material 1 {lemm1)}
&5 Asial Symmetry 1 {axil)
3 Free 1 (freel]
B Initial Values 1 {init1}
@ Piezoelectric Material 1 fpzmi}
= Fixed Constraint 1 {fil}
Electrostatics (es) {es)

S
o

o Charge Conservation 1 {ccnl)
&5 fodal Symmetry 1 {axil)
&5 Zero Charge 1 {zc1)
o Initial Values 1 {init1}
@ Charge Conservation, Piezoelectric 1 {cenpl)
E Terminal 1 ftermi}
£ Ground1 {gnd1}

4 Z# Moving Mesh (ale) fale]
& Fixed Mesh 1 {fid)
3 Prescribed Mesh Displacement 1 {dispI}
@ Free Deformation 1 {freel}
5 Prescribed Mesh Displacement 2 {disp2}

4 == Laminar Flow (spf) {spf!
& Fluid Properties 1 {fp1)
&5 Asial Symmetry 1 {axil}
&5 Wall 1 fwalll)
B Initial Values 1 {init1]
) Moving Walls {wall2}
S Open Boundary 1 {openl}

e Multiphysics
A\ Mesh1 {mesh1)
o Study 1 {std1}

(B, Results

that the former defines a deformation of the materid
frame rdative to the geometry frame, while the latter
defines a displacement of the spatial frame relative
the material frame. The Moving Mesh interface can b
used to study both stationary states and -tiegendent
deformations where the geometry changeshtpe due
to the dynamics of the problem.

The Laminar Flow (spf)interface, found under the

SinglePhase Flow branchwhen adding a physics

interface, is used to compute the velocity and pressuy
fields for the flow of a singlphase fluid in the laminar

flow regime. A flow remains laminar as long as thq
Reynolds humber is below a certain critical value.

14

|

12
10

-8 ‘r=0

0 5 10

15

20

25

Figure 2.13:The model Builder and Fluid domain and
actuator design in 2D

Governing Equations

The Z%rder partial differential equations which gern

the conservation of mass, momentum for three
dimensional flow (laminar or turbulent) are written. The

fluid is assumed to be incompressible.

These equations are expressed as follows:
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1 Conservation of mass —— R el R
ndi=0
rotroto .
'o! o «a
1 Conservation of momentum )
A BEv=—nd 70 j I
TééTé‘Té,Té i
To Mo to 't
pPro_To6 1010 1]
T Teo To Ta -
ro 7o . To 10
To Moo
pt 0 TO 1T 0 10O Figure 2.14:In Solid mechanics fixed constrain applied
TG T o T6 Ta for aluminium plate
1o 1o 10 11
O T o T & T a iz
pT v ’ T ot T o
"To Tew T Ta

Where? is the density(Kg/r)
T is the kinematicviscosity(Kg/a)
Vis the velocity field(m/s)
P is the dynamic pressure(Pa)
u, v, w arevelocity in x, y-, z- directions resp.(m/s)

Solid Modelling:

Fixed Constraint In solid mechanics, the fixed
constrain is applied at the edge of the aluminium plate
so that the displacement and rotation of it is arrested in
all the three directions.

Load Applied Terminal voltage is applied as a function
of sine and at the rate of the solids (Diaphragm) natural
frequency.

Figure 2.15. Open boundary applied for fluid dwin

and Mesh applied for entire geometry
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Ill. RESULTS AND DISCUSSION

(i) Deflection due to Unimorph and Bimorph:
In the case of bimorph piezoelectacrangementye

get a total deflection of 46.6um, and in case of e e it

unimorphwe are getting a deflection of 38.8um only
for the voltage of 30V. By thisimulation,we conclude
that bimorph arrangement is better than unimorph.

Surface: Total displacement (um)

A 466

0
-10 -10
z
y ‘\Lx
(a)
Surface: Total displacement (um)
A 388
35
125
[ 30
10 25
0 20
10 15
10
4—-} 5
X y 0

(b)
Figure 3.1: (a) Deflection due to bimorph piezo
actuation, (b) Deflection due to unimorphpiez
actuation

(i) Selection of material for vibrating diaphragm:
From the simulation results we observe that th

45
40
3s

30
2s
1 20

10

0 -y
Surface: Total displacement (um)

10 L

+ STEEL

.
L; ¥ ALUMINUM : IL ¥

COPPER

wrtace Total supiacement (um)

‘10

10 ° 15
10
10
SILICA GLASS s SILICON

Y NICKEL
Surface: Total displacement (m)

Figure 3.2: Deflections of different materials of

bimorph arrangement for 30V

Sl Material Maximum

No Deflection in um
1 Aluminum 46.6

2 Copper 43.9

3 Iron 39.2

4 Nickel 38.1

5 Silica Glass 47

6 Silicon 40.8

7 Steel 38.9

TABLE 3.1 : Deflection of bimorph piezo actuator for
different materials of vibrating plate

(i) Selection of operating frequency of actuator:

e

maximum deflection is obtained for Silica glass of
47um and for Aluminium 46.6um which are nearly

equal. For this project we are selectingnaiium as a

material for vibrating plate because of its high strength

towards vibration and its low weight.
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Eigenfrequency=1192.5 Surface: Total displacement (um)
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Eigenfrequency=2338.5 Surface: Total displacement (um)
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Eigenfrequency=4081.5 Surface: Total displacement (um)
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Figure 3.3: Mode shapes of bimorph piezoelectric
actuator

In this project modal analysis is performed in
COMSOL Multiphysics simulation software. The six
Eigen frequencies were found by using simulation. The
six mode shapes were found at frequencies of 1192.5
Hz, 2338.5 Hz, 2339.2 Hz, 4081.5 Hz, 4082.5 Hz and
5914.2 Hz.

The actuator at resonance has the maximum deflection
and higher deflection results in larger air flow
velocity.[2] So, we are selecting 1192.5 Hz as the
driving frequency of the actuator. [1]

(iv) Estimation Fluid Flow Results:

As a result of the downward deflection of the actuator,
the low pressure is created inside the blower chamber
and the air is sucked inside the blower chamber at the
same time. During upward movement of actuator the air
is punped through the second opening. The fluid
analysis is done for first four cycles. During these
cycles, we observe the vertices formation in the fluid
domain. [3]
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The net volume flow rate of air across the nozzle outlet
is calculated by using the expression of volume flow
rate and is obtained as 1.90B nt/s. This value of net
volume flow rate is mor¢han the volume flow rate of
convectional available piezoelectric micro blower.

Figure 3.4 Contour plot for velocity field in Z
direction

Figure 3.7: Formation of vortices for every time step

V. CONCLUSION

Figure3.5: Contour plot for velocity field in radial

T ) ) i A clear jet formation is observddom the CFD based
direction with vortices formation

fluid structure interaction of the piezoelectric actuated

The volume flow rate is calculated by using the formulanicro blower designed for the thermal management of

L dw high power components. Under operating conditions of

Where, m = mass flow rate h i bl . ir in the 3D
, = density of air the micro blower, a vortex ring (a vortex pair in the 3D)

V = Average velocity of fluid is formed at tk orifice edge during the expulsion part of

the cycle. This vortex ring is convicted away from the
orifice. Since the seiihduced velocity of the vortex
ring is strong enough, the vortex pair is not injected
back in the orifice during the suction parttbé cycle.
The formation of vortex ring is defined here in as the

onset of jet formation.

Figure 3.6. Net VolumeFlow rate of air from the outlet
during every time interval
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