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Mechanisms of Convective and Boiling Heat Transfer Enhancement
via Ultrasonic Vibration
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Abstract

This work experimentally studies the fundamental mechanisms by which the ultrasonic vibration enhances
convection and pool boiling heat transfer. A thin platinum wire is used as both a heat source and a temperature
sensor. A high speed video imaging system is employed to observe the behavior of cavitation and thermal
bubbles. It is found that when the liquid temperature is below its boiling point, cavitation takes place due to
ultrasonic vibration while cavitation disappears when the liquid reaches the boiling point. Moreover, when
the gas dissolved in liquid is removed by pre-degassing, the cavitation arises only locally. Depending on the
liquid temperature, heat transfer rates in convection, subcooled boiling and saturated boiling regimes are
examined. In convection heat transfer regime, fully agitated cavitation is the most efficient heat transfer
enhancement mechanism. Subcooled boiling is most enhanced when the local cavitation is induced after
degassing. In saturated boiling regime, acoustic pressure is shown to be a dominant heat transfer

enhancement mechanism.
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Table 1 Summary of previously reported results
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between the vibrator and the heating wire

Fig. 2 Variation of heat transfer coefficient and heat
transfer enhancement according to the distance
between the vibrator and the heating wire
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Fig. 3 Bubble images on the heating wire corresponding to the conditions listed in Table 2

(wire diameter = 0.2 mm)

Table 2 Experimental conditions for the images in Fig. 3

Heat transfer regime Fluid state H=20mm H=50mm
Without vibration (a)
Natural convection . .
(@"= 1.5 KW/ m) With vibration (pre-degassing) (b) (d)
With vibration (no pre-degassing) () (e)
Without vibration ®
Subcooled boiling L . .
(q"=4.4 KW/ m?) With vibration (pre-degassing) (g) )
With vibration (no pre-degassing) (h) )
Saturated boiling Without vibration (k)

(g"= 4.4 kW/ m’)

With vibration

)




Z59 WG % Ui % ¥lT 32

>~

o A=t "HolAwWA 1 % do] obslA 1
g FuMZE 2olAe A4S #F3

FE.ZA Aolg ol 73‘!“\. Fig. 3
]"“0] H‘ 6] a}ﬂy—q’ "’] }‘é
FH AN E L%X}ETEJ—J z& 9} T
ZEE whAlEE el A2 shlda A

7B} o] 71‘%] ZEA Hopz F A
gt ojufel] oA Eg FAI} FEo}
vzt sfopdz FstdA ASsA dEA7ia
de EFol Fig 3l “ehg o webd o]
A M e 3 AAtel Edg FoiElsE o
@3l FolxA "t AAEY AulE ol dME
o] Aol B 7|EEo] HgHoRTE YA
FAAHA v:‘i—ﬁ& FHE AL AEEA &2

= ddol fee #Es

o

32 1Y sujg dME
g g efol Aol HuFEH
o dAge o 49 J% B
Zo] P gedAe 7]
2 g4 svjgold g dAsts
ul7b Az 4 sineHol S P43
Ho &4 wodth kg, oln ]%%Eﬂ"ﬂ/‘i*‘i H
SEXMAel @4 7]E (thermal bubble)
convectionol] o dY EHOo 2 EE %% i
3 & AgaAFes 253 AF5S v st
T 93 7% gle didedArRg s €49
Zhelzt &2 &k o714 €4 J1xE dlE
oJd 7|Eet FRHACY dAVEE m=AL 44
ZHozRE FAHE FVE M5 7|XoH
v wEdAdg gAHEAN 251 FAFA
AvlHold 71X ol 23t KA B
o] e 71Ay AR FF(cavity)l X A
A= e Zold =g 3y HulS5A] 3709 4
oMo a9 exa7h &F 2 TR A
23 QANEY 2=HAEY tha Y.
Fig. 3 (DE 223 15& T ¥%E Ho &
MAZ9 o] Aol th(H=20 mm). B2 43 7|EEo]
e F4sidA dddzte] muAgE
F 9 2Eg 713 wE Axz a=la vlE §
Aol g&gch o] HAGA BF JHIE A
°—‘.‘ﬂ|°ﬂ/‘1 253 AEL F98 A$9 olnXA
o =R g4 guiHol A
=R %’l—?“ioﬂ/‘ifﬂ A eAAR] FAH
g4 otefol e FAHA et M, AulHolA

o

S0l
o
o
(V8 )
D
2
T
o
L
;O

F3 dgo B AT 617

(a) Without vibration (b) With 48 kHz vibration

Fig. 4 Bubble motion on heating wire at saturated
state (wire diameter = 0.2 mm, ¢"=2.7 kW/m?)
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Fig. 6 Saturated boiling heat transfer enhancement
ratio vs the distance between the vibrator and
the heating wire at saturated state
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Table 3 Summary of experimental observations

2 u5 4

Subcooled  Saturated
Convection nucleate nucleate
boiling boiling
Cavitation Yes Yes No
Thermal
No
Bubble Yes Yes
Enhancement
. Large Small Small
Ratio
o fgich estol e AL x2gdE £
A AgHE gy A5 Fo] Ak AL o
gkl S¢S Aol d [EEH A AYHA
GE vk w3, o Yol sz s
de dRVEY AFol A WA ¥v AL
THAY. &, U4 MY TEHOE AT
v F357l 442 4N £ Ax Aol
WA, g3 tANe GAY gaol 2
Faio] e 2ge AVt & d¥s P& B
o F31 Qltt.
4 A =2

L 03_—?01]"1\_ J_u—%L A5E F& A o
s # Za e Hels
2| déxd‘?i] ?EHE]t doll tigle] =32
g Al&sio] dPdorn _’5‘35]'@‘3} A9
= O

[e]
s 24 Ajulgolde A
Jav dAEE X, & Anjgold 7jEE
i £ dxdol g Fdd

2o o ofy 2 &R
: > N
o

Q) F3dE InFolMe dFdEdE 2l
AA 24 Aroldrg =7 @4 AAujEeld

2
i)
Apy
2]
e
L
2,
r o)
=l
e
-4
2
©

ol dxd 3 Axst At F A &4 74
Holdo o8 A2 7|X8 E3 FE54E 4R
e 39 acoustic streming 2 53 @3 71X 9
TEE A7l o] EdY Fo ¢ 2 o
g wH

(3) Esde FuFeM= AnEolR HAdo]
My gAE gtk o Aduldre dHG F
& AAsA dMde] 7127 AR Aol 2%
3} acoustic streaming & F3A L7 J|E S Ea
AlZIa Fol7ke Aol 7IAgt. XY df4
o] Ui AAY IrdA AAW g Fu =

ol FA8 FolETh

il
o

e

(1) Park, K. A. and Bergles, A. E., 1998, “Ultrasonic
Enhancement of Saturated and Subcooled Pool
Boiling,” Int. J. Heat Mass Transfer, Vol. 31, pp.
664~667

(2) Fand, R. M., 1965, “The Influence of Acoustic
Vibrations on Heat Transfer by Natural Convection
from a Horizontal Cylinder to Water,” J. Heat Transfer,
Vol 87, pp. 309-310

(3) Li, K. W. and Parker, J. D., 1967, “Acoustical
Effects on Free Convective Heat Transfer from a
Horizontal Wire,” J. Heat Transfer, Vol. 89, pp. 277-
278

(4) Wong, S. W. and Chon, W. Y., 1969, “Effects
of Ultrasonic Vibration on Heat Transfer to Liquids
by Natural Convection and by Boiling,” AICHE J., Vol.
15, pp. 281-288

(5) lida, Y. and Tsutsui, K., 1992, “Effects of Ultrasonic
Waves on Natural Convection, Nucleate Boiling and
Film Boiling Heat Transfer from a Wire to a Saturated
Liquid,” Experimental Thermal Fluid Sci., Vol. 5, pp.
108-115

(6) Bonekamp, S. and Bier, K., 1997, “Influence of
Ultrasound on Pool Boiling Heat Transfer to Mixtures
of the Refrigerants R23 and R134A,” Int. J. Refirig.,Vol.
20, No 8, pp. 606-615

(7) Carey, V. P, 1992, Liquid-vapor Phase-change
Phenomena, Hemisphere, Washington

(8) Bently, J. P, 1984, “Temperature Sensor
Characteristics and Measurement System Design,” J.
Phy. E. Sci. Instrum., Vol. 17, pp. 430-439

(9) Carlin, B., 1960, Ultrasonics, McGrow- Hl” New
York



