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Fig. 1. Schematic diagram of the experimental platform of

heat induced deformation of levitated droplet.
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Fig. 2. High speed images showing the rim spray of an acoustic levitated methanol droplet (D, = 1.81 mm) suddenly exposed to hot

product gases of a Bunsen flame.
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Fig. 3. Parametrical description of the breaking process: (a) Spreading diameter D; (b) the dimensionless

core; (c) equatorial curvature radii Rg,, vs. time; (d) liquid and air molecule distribution at the interface at ambient temperature
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Fig. 4. Atomization methanol droplets after the enhancement of the acoustic field via the mandatory sudden (a) decrease of acous-

tic field height and (b) increase of the current of ultrasound generator.
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Fig. 5. Film disintegration of an acoustic levitated methanol droplet (D, = 3.15 mm) suddenly exposed to hot product gases of a

Bunsen flame.

JE ARSI RS TR T DA 205 38 T3 2 A L 22 5
25k, M 5 R MK AR (D, =
3.15 mm) Je7E i FRAE R R 77 AR Gk ST, 3R B
TN ERF) Y80I AN DRI e S 25 A T 1 B 5 VR0 19—k
ZER, WOH A TR EE TR, R AU A #e 1k (¢ =
42A). PRI 2R — 2 Jo o ) R I VRO AE 7R 1Y
YERIS B 2, I8 s < mi iR W (¢ =
26 A—A42A). WRIEAEZ Ay A rp i TR S HL R
AR AR R, BTSN, 2552 3
IR 30 Vi O A T A R T, BRI ER
U 18222301 i B JE B L % /N IS 7 HL R T R L A
HOUEE B — RN T 48 (1 = 504), K
129 pm.

Kelvin #1 Thompson?! 57 T T 40 3% 75 F i
S ER IR EEUOCR: NP = 2n0/pF2, AHl F 43
) kg T B WA R o T p 7 53] Ay Y i % T i
JIFIH 85 . Rayleigh®) g oT 25 SRR BH, a4
SRR PR IERERE fR—F (F = f/2 =
10 kHz). R AT 315345 2 H ESR0 2 1 ™ A 1 7
FLER I B BIE IR N = (81w/pf2)1/3 = 120.4 pm,

5S0A 129 pm A

FIH 7 8 h = nDF /6 A Ak 55 IEESF- 5 JEE B
Hor Dy R A, A IR R A 4
BHL, h AR, G RIE 6 oADK
WnIEl 6(a) 518 6(b) Fis.

Bl R bR VB P o — A0 A B
N, HIEFEN BRI, 75 ARSI TR
JEERE 7 ) b A e, AN S AR I B .
K 6(a') B, G859 AR 2T B A 06 5 0k
g | AT AT AR L RS, b A S T A YRR W
SN EHCR YIS BRIEE Y . XA, Bl AR
AR HE ST, P A B AT I 7 A B i B 2
WE 5ot = 66A Fras. TN nT DI A —
YW, 77 A < At &l 5 H ¢ = 56A—
58A N, HILEET, 2R S AR kA
OGN , IR T HES W B A B AL RAT. B
LR WA X =y L FFE T, PR fig
A Sk — A B oK RUBE ) R0 R 2 LSS (t =
50A—82A).

Bl 6(c) o T — BRI W PR R A

184702-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 184702

2.0 1.5
s [— x — l'
wf | > = > d
P (a) 1.0F
< 10t AN t=50A . <
< » '>\. P w
. : I.-.;’E:( J ! 0‘5 - { H %H H H {
0.5 .
(a) (b)
0 . . . . . 0 . L L
0 05 1.0 1.5 20 25 3.0 0 1 2 3 4
Dy/mm Dy/mm
@ . "..,_'
2 InniK
- L ] .. » [ ]
B 6 () WM ENEHER; (2f) P PRI A5 R B (b) NN EIRIERE; (¢) Z YR IR i PR i i

Fig. 6. (a) Dimensionless average film thickness scaled by Faraday wave length and (a') schematic setup of a standing Faraday

wave configuration; (b) the dimensionless initial rim thickness; (¢) rim spray of daughter droplets.
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Fig. 7. Normal sputtering of an acoustic levitated methanol droplet (Dy = 3.42 mm) suddenly exposed to hot product gases of a

Bunsen flame.
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Abstract

Atomization of droplets is ubiquitous in many natural and industrial processes, such as falling rain drops,
inkjet printing, fuel injection in automotive and gas-turbine engines. Acoustic irradiation provides a very
effective method of atomizing fluid. However, the acoustic atomization of acoustically levitated droplet is seldom
studied. To assess the possibility of achieving ultrafine atomization, we, in this paper, systematically study the
atomization of an acoustically levitated droplet placed in a hot gas of a flame. High speed camera is utilized to
investigate the atomization characteristics of various droplets with diameters ranging from 0.5 mm to 3.5 mm.

The experimental results show that the sound pressure of the resonance acoustic field has the ability to
atomize the droplet when it is suddenly bathed in hot gas. Here the heating acts as a switch to convert the
droplet surface from an acoustic isolator to conductor by heating the surface to strong evaporation. The
presence of a high concentration of vapor molecules surrounding the droplet caused the acoustic field to change,
thus, a much larger pressure gradient is established along the droplet surface, resulting in the atomization of
droplet from the equator. Furthermore, Faraday wave stimulation and discretization on the film cause the
droplet to further disintegrate when the droplet diameter is large enough. The atomization consists of three
different styles, i.e. rim spray (RS), film disintegration (FD) and normal sputtering (NS). When exposed to hot
gas, the droplets with equivalent diameter D, < 2.8 mm are depleted with RS until the whole mass is
atomization. A thin rim is extruded at the equator and then splashed in the equator plane, the spray speed is
around 9.5 m/s. Larger droplets end with the sudden FD of liquid film of the residual mass after the the RS has
been consumed up. When the thickness of the rim and buckled film decrease to half of wave length, Faraday
wave emerges, resulting in the vertical droplet ejection and the disintegration of the thin films. And the droplets
with Dy > 3.2 mm undergo further film buckling, forming a closed bubble due to the Helmholtz resonator effect
and NS at the bottom. This sound driven atomization of droplets enriches the understanding of fluid mechanism

in multi-physical fields, and may provide new ideas for relative application research.

Keywords: acoustic levitation, droplet, external heating, atomization, methanol

PACS: 47.55.Ca, 61.30.Pq, 68.60.Bs, 92.10.hd DOI: 10.7498/aps.69.20200562

* Project supported by the National Natural Science Foundation of China (Grant No. 51576159), the Major Research Plan of
the National Natural Science Foundation of China (Grant No. 91741110), and the Key Research and Development Program
of Shaanxi Province, China (Grant Nos. 2019ZDLGY15-10, 2019ZDLGY15-07).

1 Corresponding author. E-mail: weiyanju@xjtu.edu.cn

184702-8


http://doi.org/10.7498/aps.69.20200562
http://doi.org/10.7498/aps.69.20200562
mailto:weiyanju@xjtu.edu.cn
mailto:weiyanju@xjtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

