commons

O N § D E E D

@creatlve

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEAEA. Aot EHSANE EAGHADE 2LICH

HZ2d. #5t= 0l A5=ES 2l 5

Jd
0
it
=]
o
m
I
£
I3
It
B

o Fts, 0 HEEY HOIS0ILIHH=EY 22, 0] AEENH HEE
ZTEH LHEHH MOE 2HLICH

o REATZNE U2 5718 wom 0123 ZAS2 MSEA WL

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

[ UCI ]1804: 24011- 200000236611

]
=]
o

W

0

ff -

8

)

2008

HpAL L)
o}
H

NOOTIoF T i o Hak

T

To-

e

0

i
!

B

PRI oo T RS BURIW WreT BN TE

_1 c._o



A Study on Characteristics of Heat Transfer in a Huid
by Piezoeectric Vibration

20081 8¢ 25¢

EN
£
R
£
Bl
R
£
e

o
el
N
Y
o}
o
_E

l-o{r
of



e

To-

o

0

|
!

B

49

20084



AF
E

B
o

X

N

o

oF

64

20084



i

A

A 1%

11 Au A

frod

Ho
B

Al
~

3l

=
L

o]

A 2%

xr
=
o

g
L

X
B

=)
g8
e

2.1.13)

&+
&

&7

X
B

=

4 el

2.4 431471 g

23 PIV

£

g ol

=
=

=3
o

=
3

<«

ol
o

ol

=
)
o

xr
_
o

2525 FA N o

R

e
!

&

X
B

=)
g
e

N
N

3.1.37}1418}

44

=i
=~

X
K

wK



03
ZO
ol
<M
N

%/

X
Vol

X
K

=K

A 4%

T
T
B

—

e
!
</
B
=)
g

e

‘_nyl
g

KO

Nr
B

7
T
2o

N
E

vy
&

X
B

79

o
g

~
Y

!
T
Vol

K

23!

88

_ﬂH
O

N

s

4.2.27}2) 3}

W

|

A 5%

3
Ak

ii



Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig.10
Fig.11
Fig.12
Fig.13
Fig.14

Fig.15

Fig.16
Fig.17

Fig.18

LIST OF FIGURES

2-D analysis model for melting Process Of PGM:«««««txss  rrrrrrrriianiniiiiiiiiiaen, 11
Schematic diagram of flow and heat transtesystem boundary -----ovoveveeeeenne. 14

An approximate dimensions of heat transfesffaent -------voovoviveriii 15
Measurement method of heat transfer COEMICIE -« -« -« xt rrrrrmremmmmmmerererererennes 17
Schematic diagram of thermoelectric moduleltigr module) -« vovvevvieiiieninnns 20
Schematic diagram of the image analysis By Piooooorvviii, 23
Schematic diagram of Cross-Correlation FOMCHCCF) ----vevrvrvini 25
Atmospheric transmission OVEr 1 NAUCAl Mike: -+« rrrrrrrrrrernrniiiiiiiiia 26
Radiation patterns of the general measureroentlition ---ovovvvvviviii, 27
Principle of infrared thermal camera - mmmmmmmmm s eeeeeiii e 28
Schematic diagram of phase change experimsataup «--:-covvvveeemiii, 41
Sectional view of a plate heater and heatBon «--rwwweeoverrrrmeiiininni 42
Schematic diagram Of URraSONIC tranSOUCENS wr - xxrrrrrreessasiniiieeaasiiiiee e 44
Schematic diagram of experimental set-upvsoalization in PCM  «--vovvevenns 45
Schematic diagram of test section showing pgosition of

thermocouples and UltrasoNiC traNSAUCETS «-==ssssrrerrrrirrrriiiiiiii 47
Photograph the insulation process of a theomqole «-:-rreeeeeeriierrmiiiiin, 48
Wave form of 40kHz measured at a frequenayeigor ««:-o-oocovevve, 49
Finite element model for a vibrating plate - ---«-« «orvoermn 51

— i -



Fig.19
Fig.20
Fig.21
Fig.22
Fig.23

Fig.24

Fig.25
Fig.26

Fig.27

Fig.28

Fig.29

Fig.30

Fig.31

Fig.32

Fig.33

LIST OF FIGURES (Continued)

Fixed boundary condition of boundary elememdel - - vovviveevnennns
Schematic diagram of thermoelectric coolingpegimental set-up -----
Schematic diagram of thermoelectric module:-----=-+-rovvieieiiinnss
Schematic diagram of thermoelectric coolipgtam ---vvvevevieieiiinnns

Schematic diagram of piezoelectric actuator:: =« «--«--rorveveeieiinnnnns

Schematic diagram of experimental set-upvisualization

in a thermoelectric Coo|ing SYSEEIM - vrverreree e s

Schematic diagram of temperature measurempeints in cold region
Variations of heater surface temperature divee for each heat flux

Temperature variation in PCM in sequenceimk tfor dimensionless

coordinate, X and Y under the heat flux, q" 517.43 W/M ---------

Temperature variation in PCM in sequenceimk tfor dimensionless

coordinate, X and Y under the heat flux, q" 43621 W/M «---------

Melting shape history at.$te* = 100.3x16, 20.6x10, 30.9x10,

@1.2x10, ©51.5x16, ®1.8x10 under the heat flux conditions ------

Nusselt number(Nu/R¥®) variations on the heater surface witsSte* ---

Nusselt number variation on the heater sarfsith RBSte* during

conduction region under the heat flux CORQII -« -vvveveverreeenn.

Nusselt number varlatlon agalnst normalidee t(T) under the

Two dimensional velocity profiles measuredngsthe PIV --oeovvvnens

_iV_



LIST OF FIGURES (Continued)

Fig.34 Two dlmensmnal velocity profiles by changeultput power level

Fig.35 Comparison of thermally-oscillating flow filsl in the liquid paraffin

by infrared thermal CAMEIA «««««+ - srrrrrrreess st mmmmmmmmmmmnn e T8
Fig.36 Visualization of displacement variations ofvilarating plate --«---ovoveereiiiiinnns 80

Fig.37 Visualization of stress distributions at g View «-o-oeovevvim 81
Fig.38 Visualization of stress distributions at thettom view -:-oovovivviii 82

Fig.39 Visualization of acoustic pressure distrimutin the liquid paraffin
induced by UItrasoNiC VIDFratiONS  ««-rcerrrerrmmmmmemaa e a s a s eaaaans 83

Fig.40 Comparison between profiles of acoustic presand heat transfer
augmentation in case of sound Ve|0city, 1,00@em .......................................... 86

Fig.41 Profiles of surface temperature on hot & cside of thermoelectric
module at dimensionless coordinate, Z = 0.5 ccmmmmmmeii 90

Fig.42 Profiles of surface temperature on cold siflehermoelectric module at
dimensionless Coordinate, K e e 91

Fig.43 Profiles of temperature variation on hot s&lecold region
without piezoe|ectric QCLUALOL  +rrrrrrrrrrenrees s mmmmmmmmmmm s s ss s ss s asssassasasassnnsssnssnsssnnens Q3

Fig.44 Profiles of temperature variation on hot s&lecold region
with piezoe|ectric QCTUALOL v rerrrrrrrrrrnrenns e s i s s s s s s s nsssasssnssasssassssssinssnsess Q5

Fig.45 Visualization of temperature distributions oold side

Fig.46 Visualization of flow phenomena in the testt®n
on|y Operating thermoelectric C00|ing OEVIGE v v v ettt it 99



LIST OF FIGURES (Continued)

Fig.47 Visualization of flow phenomena in the testt®n
On|y Operating piezoe|ectric QCTUALON « v v v v e s mmmmmmmmmm e e s e e st s e nas e s e s s s s ananaens 99

Fig.48 Visualization of flow phenomena in the testt®n added particle
On|y Operating piezoe|ectric ACTUALOL « v v v v v rn mmmmmmmmmm s s s s s e s e s s s s s aaanaaeaaenns 101

Fig.49 Visualization of flow phenomena in the testt®n
operating thermoelectric cooling device anez@electric actuator -«-----«« ovrvevenns 101

_Vi_



Table 1.

Table 2.

Table 3.

Table 4.

LIST OF TABLES

Thermophysical properties of paraffin (HEHIECANE) «««««xrrrrrrrrrrrrrrrenmannnnnniine. 40
Performance specifications of thermoeleatnodule ---:-coveveveern, 55
Performance specifications of piezoeleGBtuator -« ««-rorivrvirr 57
Bulk modulus of elasticity of N-OCtadeCane: ««««« -  rrerriierrii 84

- Vil —



NOMENCLATURE

(2 . Laplace transform of displacement
{ &}, - Initial displacement value

{ 2z}, - Initial velocity value

A : Area

Am : Amplitude

C or ¢ : Propagation velocity of sound wave

E : Emission rate

E, . Energy of unit volume

E : Moving Energy on vertical area
Ce . Specific heat of paraffin

[C] . Breaking constant matrix

f . Frequency

Fo : Fourier number

g . Gravity

Gr : Grashof number

h : Heat transfer coefficient

H . Height of solid paraffin (Characteristic height)

I . Electric current or Current intensity

K : Thermal conductivity
Ki . Kinetic energy

K] : Stiffness matrix

P . Potential energy

P-E : Composition energy

— viii —



[M]

[N]
Nu

Ra
Ra*
Ste
Ste*

NOMENCLATURE (Continued)

. Mass

: Mass matrix

: Distribution matrix
: Nusselt number

. Pressure or Power

. Real force of each node in finite element

: Prandtl number

. Laplace transform of applying vibration force
: Heat flux

: Amount of heat

. Emission rate of atmosphere

. Resistance

: Rayleigh number

: Modified Rayleigh number

. Stefan number

: Modified Stefan number
: Time

: Correlation coefficient of CCD camera
. Laplace transform variable
: Temperature
. Voltage
: Velocity in x, y direction

: Dimensionless velocityk, y direction

_iX_



NOMENCLATURE (Continued)

X,y : coordinate

X, Y . Dimensionlessx, y coordinates

z : A point of solid-liquid interface
Greeks

e : Thermal diffusivity of liquid phase
a : Seebeck coefficient

Jé] : Thermal expansion coefficient

5 . Correlation point

) : Thickness of thermal boundary

£ . Radiation

Ahy . Latent of fusion

r . Dimensionless location of solid-liquid interface

: Dimensionless temperature

A : Thermal conductivity of fluid

v : Kinematic viscosity

IT . Peltier coefficient

p . Density

T : Dimensionless time on expression of melting ratio
) . Stream function

: Dimensionless stream function
w . Vorticity

N . Dimensionless vorticity



NOMENCLATURE (Continued)

Subscript

C : Thermoelectric module
f . Fusion

F . Fourier

h . Heater surface

i . Solid-liquid interface

J : Joule

I . Liquid

m : Mean

0 : Without ultrasonic vibration
P . Peltier

S : Solid, Surface

t . temperature

T : Thomson

aug : Augmentation of Heat transfer coefficient
atm : Atmosphere temperature
amb : Boundary temperature

oS . Selected location of liquid

_Xi_



ABSTRACT

A Study on Characteristics of Heat Transfer in a Fluid

by Piezoelectric Vibration

Yang, Ho-Dong
Advisor: Prof. Oh, Yool-Kwon Ph.D.
Dept. of Precision Mechanical Engineering

Graduate School of Chosun University

The present study was investigated on charatitsri®f heat transfer when the
piezoelectric vibration was applied in a fluid. $hstudy was to investigate the
characteristics of heat transfer in a medium fag tdases: one without piezoelectric
vibration and the other with piezoelectric vibratioAlso, in order to find out the
effect on enhancement of heat transfer, ultraseiticator and piezoelectric actuator
which consisted of the piezoelectric module wasdugse a phase change material
(PCM) and an air cooling region in thermoelectrimoling system, respectively. In
this study, the heat flow was measured in the aesesf and in the presence of
acoustic streaming. The streaming created by ohiasvibrations was visually by a
particle image velocimetry (PIV), an infrared thetntamera and a CCD camera.

The experimental results revealed that convectgtate was activated with
ultrasonic vibration and the melting of a PCM wascdaerated from the

dimensionless time, (5te*=0.9x18 and 1.2x10 when the heat flux g'=11517.43W/m

- xil —



and 6436.21W/Mmwas applied, respectively. Also, the acoustic astieg created by
ultrasonic vibration could accelerate the meltinggess of a PCM as much as 2.5
times. In addition, the profiles of the augmentati@tio of heat transfer coefficient
were experimentally measured and were compared \hibse of the acoustic
pressure obtained by numerical prediction usingoapled finite element-boundary
element method (Coupled FE-BEM). The acoustic pmessinduced by acoustic
streaming in a medium has improved the enhanceroériteat transfer about 1.5
times. Also, when the piezoelectric actuator wapliag to the heat transfer process
of thermoelectric cooling system, acoustic stregmivas occurred in an air cooling
region. And, the temperature distributions in an @oling region were uniformly
maintained about 16 + 0.5C because the natural convection flow was changed to
the locally forced convection flow happened by atioustreaming. In the end, the
results clearly show that the enhancement of heasfer is closely related to
variations in the acoustic pressure and the aaousteaming is one of the prime

effects to enhance the convection heat transfer.

— xiii -
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[N T{ T} -nds (2.5.33)
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Table 1 Thermophysical properties of paraffin (nadecane)

Properties Unit Value
Melting Temperature T 53.2
Boiling Temperature T 315
Thermal Conductivity of Solid Wim - K 0.242
Thermal Conductivity of Liquid Wim - K 0.336
Solid Density kot 820
Liquid Density kgh' 863.03
Specific Heat kikg - K 2,872.47
Viscosity m'/s 0.00028
Heat of Fusion kJ/kg 241.6
Thermal Expansion Coefficient - 0.001
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Fig. 18 Finite element model for a vibrating plate

Fig. 19 Fixed boundary condition of boundary elemewmidel
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Fig. 23 Schematic diagram of piezoelectric actuator
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Table 3 Performance specifications of piezoelecagtuator

Specifications Unit Value
Weight g 10.4
Stiffness N/m 188

Capacitance nF 232

Rated Voltage Y + 90

Resonant Frequency Hz 52

Free Deflection #m + 1,600

Blocked Force =N + 3.0
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Fig. 27 Temperature variation in PCM in sequenceimi for dimensionless

coordinate, X and Y under the heat flux, q" = 11887W/nf
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Fig. 28 Temperature variation in PCM in sequenceimi for dimensionless
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----®--- Melting without ultrasonic vibrations
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Fig. 29 Melting shape history at.$te* = 00.3x10, ©0.6x10, 30.9x10,
@1.2x10, ®1.5x10, ®1.8x10 under the heat flux conditions
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Fig. 31 Nusselt number variation on the heaterasarfwith ESte*

during conduction region under the heat flux cdodg
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Fig. 32 Nusselt number variation against normalidee ()
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Fig. 36 Visualization of displacement variations abfvibrating plate
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Fig. 37 Visualization of stress distributions at tiop view
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avg

—JE = (4.1.)
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oA71A, AgsER e FEASE 171907 10007)gHel ol A LEwse) we A8

o2 F3to A3 ¥ CRC Handbook of Chemistry and Physics@7]at< =&
st3lom Table 41 ©] & A2jstd Yehl At

Table 4 Bulk modulus of elasticity of n-Octadecane

Bulk modulus of elasticity (N/f)

0

Temperature 't} 1 atm 1000 atm
60.0 1.06x16 1.96x10
79.4 9.61x1b 1.82x16
98.9 8.62x1b 1.72x16
115.0 7.81x1d 1.64x10
135.0 6.94x1d 1.56x14
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module at dimensionless coordinate, Z = 0.5
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Fig. 43 Profiles of temperature variation on halesi& cold region

without piezoelectric actuator
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Fig. 44 Profiles of temperature variation on halesi& cold region

with piezoelectric actuator
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(a) after 60 seconds

PR b

(b) after 5 seconds

Fig. 45 Visualization of temperature distributiona cold side

by infrared thermal camera
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Fig. 46 Visualization of flow phenomena in the tasiction

only operating thermoelectric cooling device

Fig. 47 Visualization of flow phenomena in the tesiction

only operating piezoelectric actuator
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Fig. 48 Visualization of flow phenomena in the tesiction added particle

only operating piezoelectric actuator

Fig. 49 Visualization of flow phenomena in the tesiction

operating thermoelectric cooling device and piezcieic actuator
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