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Abstract

This paper describes the effect of ultrasonic frequency(f') on the atomization and deformation characteristics of single water
droplet in an acoustic levitation field. To achieve this, the ultrasonic levitator that can control sound pressure and velocity
amplitude by changing frequency was installed, and visualization of single water droplet was conducted with high resolution
ICCD and CCD camera. At the same time, atomization and deformation characteristics of single water droplet was studied
in terms of normalized droplet diameter(d/do), droplet diameter(d) variation and droplet volume(V) variation under different
ultrasonic frequency(f) conditions. It was revealed that increase of ultrasonic frequency reduces the droplet diameter. There-
fore, it is able to levitate with low sound pressure level. It also induces the wide oscillation range, large diameter and volume
variation of water droplet. In conclusion, the increase of ultrasonic frequency(f) can enhance the atomization performance of

single water droplet.

.M B

ds9 4 9 24 de Aol @Y A H(single
droplet)el] &3t o] 20122 A o) T ok sl o
259 desrt 7hsstth wEbA, ohddk 45 7]
(droplet size), 171 = (ambient pressure) 53 -
AF 27049 two phase fluide] B4He 33 B
x%o zs:])\l-g] THe B2 0_11114,9,] @%k(mass)ﬂr [z ah=1

=2 =2
(heat transfer)l] &+ 7]x

M2

-

AFE 7P B2,
oA A7l 7% AR 2 HA ABe) B B A

(20139 79 102 A5 ~20139 99 99 4AKEE, 20139 94
129 Al &)

TRQIA A, B9, ST ek 7| ARE AR Sk

E-mail : hksuh@kongju ac.kr

TEL : (041)521-9264 FAX : (041)521-9123

& AFshe gl Ak AR, destE oy x4
5 F 4 A% £ % 450 2 9FS X
& w9/ 2Ae] AR A4 % A8 A A7 2

St ThFst AFE 7t
o]t}. Ultrasonic levitator=
12 o] ﬁ‘:‘qﬁ' HE3hAA

]
/\§7]‘— 01161:0] z%o:] Oio] Brpske) ] 3[ o] tﬂg}oﬂ oj 3k
FE= A8 24 A= 9SS 4 ] glo}sl 4= 9)

Az o] gt} PE}E]—H, ultrasonic levitatorS ©]-&3}¢]
gk F-oF 7 (acoustic levitating field)S FAd3F 3 T}k

A xel mE A @ ¥ B4 Ay 54
g B dA7se] FHEHAT 712 A 7
(droplet levitation) 5/ 23t AFEOCNG H|F 3}
H-ok A (levitating field)ol A & 2] AojE F3 & &



24 dge] A3 - szl ApECe] YT
T3, standing sound waveollA]9] A o] A4 EAJ025),

ozl 9l A8 dMA Ao T3 Oﬂ:rl-(l“'”) ANA
(electric ﬁeld)oﬂ/ﬁJ M Aol A3 A7} 4
AR, g AE A (multi-component liquid drop-
lety193} o] #-A E3H7](binary liquid mixture)®”<]
Fbel Ag AFE FYE AT
8 FFGol T3 w2 2 ¥ 38
T Aol BIFEAS Y non-linear acoustic ©]
3 HYz A4 54
of Agste] FIEA] AFEofof st T oA €]
sl #g A= A w5 Aol
wEkA, & AFerE 5 A5 AH 9 nigsle] o
ok A - AR ATE st AH ol #dsH
Ex

o e e O
ot 44 2 R

=N

271 270 & F-F(acoustic levitation field)ol| 4]
21} F3}<4=(ultrasonic frequency, Aol w2 T ol #
W 9 oyt EAL BFE] AFF o7 BAF
A BT, o]t e 71 Z2A 0| B Al i
T3} g7 non-linear acoustic & AT ok 7]
3 A5 E AFstaat skt

b e

10,

ol
-

)

il

BNy

2. ME T U W

2.1 Ultrasonic levitator?| ZtS2l2|

Ultrasonic levitatorol A= Fig. 19 YeRd R} 7o)
piezoelectric transducer®} reflector AFo]9]  multiple
reflection®] A=, L3
velocity amplitude®] node®} antinodeZ 7} standing

73 9] sound pressure}

Reflector

4 Sound radiation L y
pressure ‘
nA/2 <
Bernoulli

-xK " stress L
)‘I [¢ Stable ‘

,,,,, Unstable

v y |

! 1

—
Piezoelectric
transducer

Force Pressure Velocity
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Table 1 Specifications of experimental apparatus

Operating frequency (kHz) 20~100
Wavelength of standing acoustic 571
wave (mm) ’
Ultrasonic | Nodulation frequency (kHz) 0.01~2
levitator
Modulation amplitude (Vpp) 0~2
Operation temperature range (°C)| 0~70
Process chamber diameter (mm) | 100+1
IccD | Shutter speed (sec) 1/1,000
camera | Frame speed (sec) 1/250
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Fig. 2 Schematics of experimental apparatus for water
droplet levitation
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Fig. 3 Effect of ultrasonic frequency(f) on the sound
pressure level and maximum droplet diameter
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Fig. 4 Visualization of levitated water droplet in an acous-
tic levitation field
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Fig. 5 Effect of ultrasonic frequency(f) on the axial and
radial diameter of droplet
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Table 2. Maximum variation of axial and radial droplet
diameter with respect to ultrasonic frequency(f)

Ultrasonic frequency | Max. axial Max. radial
(kHz) d(mm) d(mm)
20 0.082 0.074
30 0.089 0.037
45 0.096 0.026
58 0.081 0.030
100 0.08 0.062

k=l A n| P 5heka| x| A 188 A3E(2013)/ 129

1.0 G'f o

~
o
o
S
)
@ o N A
€ 09 an\g'-k\g\a\?Q A\,\
©
TN
K NG E\ ~o
8- 0.8 TNA
1
©
3 \
S 07 “O === Ultrasonic frequency(f)=30kHz \J
g A ——- Ultrasonic frequency(f)=58kHz
l6 0 — Ultrasonic frequency(f)=100kHz
Z 0.6 i i 1 1

0 10 20 30 40 5 60 70
Levitating time(sec)

Fig. 6 Effect of ultrasonic frequency(f) on the normal-
ized droplet diameter(d/d)
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