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Effect of Pressure Variations on Augmentation of Heat Transfer by

Ultrasonic Vibrations
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This study investigated the effect of pressure variations on augmentation of heat transfer when the
ultrasonic waves were applied. The augmentation ratio of heat transfer was experimentally investigated
and was compared with the profiles of pressure distributions calculated applying a coupled finite
element-boundary element method (coupled FE-BEM). As the ultrasonic intensities increase from 70W
to 340W, the velocity of the liquid paraffin is found to increase as well as kinetic energy, This
physical behavior known as quasi-Eckart streaming results from acoustic pressure variations in the
liquid. Especially, the higher acoustic pressure distribution near two ultrasonic transducers develops

more intensive flow (quasi-Eckart streaming), destroying the flow instability. Also,

the profile of

acoustic pressure variation is consistent with that of augmentation of heat transfer. This mechanism is
believed to increase the ratio of hear transfer coefficient.
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Table 1. Thermal properties of paraffin

Properties Unit Value
Melting Temperature ’C 53.2
Thermal Conductivity W/m - . 0.210
Density kg/m’ 863.03
Specific Heat k]/kg - 2,873.88
Viscosity m’/s 0.00028
Heat of Fusion k]/kg 241.60
Thermal Expansion Coefficient - 0.001
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Fig. 1 Schematic diagram for the present
experimental set-up.



2004

T

Visualization
W indow

Solid Paraffin

(a) Front view

® o -

| | | |
I I I I
X=0.2 X=0.4 X=0.6 X=0.3

(b) Bottom view

Traverse

Fig. 2 Schematic diagram of the present test section
showing the position of ultrasonic transducers and
thermocouples.
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Fig. 3 Experimental set-up for visualization.
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Table 2. Bulk modulus of elasticity of n-Octadecane

. Bulk modulus of elasticity(N/m’)

Temperature[

1 atm 100 atm
60.0 1.06 x 10° 196 x 100
79.4 961 x 10° 1.82 x 10’
939 862 = 10° 1.72 = 10°
115.0 7.81 x 10° 1.64 x 10
135.0 694 x 10° 156 = 107
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(b) kinetic energy distribution calculated from the PIV

Fig. 5 Two dimensional velocity profiles and kinetic energy
distribution induced by ultrasonic wave measured at the
visualization window at the output power level of 340W.
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Fig. 6 Two dimensional velocity profiles and kinetic energy
distribution induced by ultrasonic wave measured at the
visualization window at the output power level of 185W.
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Fig. 7 Two dimensional velocity profiles and kinetic energy
distribution induced by ultrasonic wave measured at the
visualization window at the output power level of 70W.

1073

2> 8o FAHAFE EAYA X} 25
g A oA =A YERES #ls 4 9l
o &, =2 28] FAATE A A &
g5 o] WAty FAUA A ¥ IS
e Y 253 A=7F wid SellA HAsH
= FEoluxet ARG #AHo] UdSS 13
B oo, &8 2539 zFo] dF zE
IS VA 253 AERE AIAIE A=
ek

32 izl Mt skAH| Zo}

Figure 8& 293 Z 27257} 70W~340WE
SRS v, F=AMAS T AMtE dEwEs 2
o} AAG ggn] AFE =AIg ol

Figure 8 (a)ollA] Hi= Hle} o], JHRF=
Z59 sArE B8 - (S, X=0.29 0.8)9]
A=A YEYE AE 4 7 ALk 53], Y5
of FadxnvE 0259 wf, ¢t=Hol M E=A U

Ehve 2S84 lomn, o] Fig. 5~7°
A Bz kel o]
(X=0.29} Y=0.25)°14 *solyA 7t =

R

A ormastic pressure [Fa]

1m0
13000
10000
soo ]
w00 ]
voon ]

A% @ AAsm
PALAEI 0250149

o7t & AANE welA| o

/.

o

P

000 ]
L]

=

—=— Ot power lewel of 340W, ¥=0 25
—— Ouipnzt power lerel of 340W_ ¥=0 50
i Onutpn power lewel of 340W, ¥=0 75
—— Ouipnzt power lerel of 185W, ¥=025
Crutpna power lewel of 185W, ¥=0 50
——— Chutpnzt power lerelof 185W, ¥=0 75
—— Outpnzt power lewelof 7SW, ¥=025
—#— Outpnzt power lewelof  FSW, ¥=050
—#— Chutpnzt power lewelof 75W. V=075

;;éég

——

___—4—1__;&%‘“%

T T T
0o 0a

T T T T T T T
o4 LK} 0s 10

Dim ensionless coordnate, X

(a) acoustic pressure variations



2004

wel of 2400, ¥=025
wel of 34007, ¥=0 50
welof 3400, ¥=0 75
wel of 1850, ¥=025
wel of 1850, ¥=050
welof 18597, V=075
welof TEW, ¥=0325
welof TSW.¥=050
welof 75V, ¥=0735

g

L]

El

3

il
FERFEFRERER

Angmentation ratio of heat trnsfer

T T
0.4 05

D im ene jomle 55 coordimate, X

(b) augmentation ratio of heat transfer

Fig. 8 Comparison between the acoustic pressure
variations and augmentation ratio of heat transfer.
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