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Fig. 1. Schematic diagram of single-axis acoustic levitator.
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Table 1. Parameters of three PEG-AMS ATPS liquids

with different compositions.
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Table 2.  Physical parameters for acoustic simulation.
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Fig. 2. Evaporation of HyO-10%PEG-10%AMS single-phase
droplet: (a) Variation of mass with time; (b) phase separa-

tion.
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Fig. 3. Relationship between conductivity and concentra-

tion (mass fraction) of ammonium sulfate solution.

034304-3


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

) 32 £ 3R Acta Phys. Sin. Vol. 73, No. 3 (2024) 034304
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Table 3.  Compositions of the top phase and bottom phase during evaporation of HyO-10%PEG-10%AMS droplet.
o TR G (T 5340 / % ARG (Bt s3ER) /% ARG (B 5 /%
ZER I H] /min
H,0 PEG AMS H,0 PEG AMS H,O PEG AMS
0 80.0 10.0 10.0 — — — — — —
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15 75.2 12.4 12.4 73.0 18.8 8.2 79.0 0.3 20.7
20 73.6 13.2 13.2 70.8 21.7 7.5 78.0 0.0 22.0
25 71.2 14.4 14.4 66.5 27.5 6.0 76.2 0.0 23.8
30 68.8 15.6 15.6 62.4 33.2 44 74.2 0.0 25.8
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Fig. 4. Evaporation of H,0-10%PEG-10%AMS droplets

with different aspect ratios.
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Fig. 5. Relationship between the acoustic radiation pres-
sure on the droplet’s surface and the reflector-emitter dis-
tance Hj: (a) Distribution of acoustic radiation pressure
when Hy = 34.1 mm; (b) acoustic radiation pressure on the
upper and lower surfaces of the droplets with different H,
(the open symbols indicate the data on the upper surface,
and the solid symbols the lower surface).
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Fig. 6. Evaporation of droplets with different compositions
and the same initial aspect ratio: (a) Variation of equatori-

al diameters; (b) variation of aspect ratios.
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Fig. 7. Phase separation of HyO-32%PEG-21%AMS ATPS droplet. The red area is the PEG-rich phase and the transparent area is

the AMS-rich phase.
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Fig. 8. Phase separation of ATPS droplet with different
compositions: (a) Number of PEG-rich globules vs. time;
(b) equivalent diameter of AMS-rich transparent region vs.

time.
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Fig. 9. Phase separation of ATPS droplet with different ini-
tial aspect ratios: (a) Number of PEG-rich globules vs.

time; (b) equivalent diameter of AMS-rich transparent re-

gion vs. time.
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Evaporation and phase separation of acoustically levitated
aqueous two-phase-system drops”
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(School of Physical Science and Technology, Northwestern Polytechnical University, Xi'an 710129, China)

( Received 11 June 2023; revised manuscript received 7 December 2023 )

Abstract

As a ground-based experimental method for simulating the containerless state in space, acoustic levitation
provides excellent containerless and contact-free conditions for studying droplet dynamics, including droplet
evaporation and phase separation. Meanwhile, the nonlinear effects of the acoustic field, such as acoustic
radiation pressure and acoustic streaming, bring novel characteristics to the droplet evaporation process and
phase separation process. In this work, the evaporation and phase separation of aqueous two-phase-system
(ATPS) droplet composed of polyethylene glycol (PEG) and ammonium sulfate (AMS) are investigated by a
single-axis acoustic levitator through the combination of image acquisition and processing technique. During the
evaporation of the ATPS droplet, the square of its equatorial diameter, d*, decreases linearly with time, and its
aspect ratio, 7, increases linearly with time. The PEG-AMS droplet initially in the single-phase regime can
enter into the two-phase regime as the water evaporates, resulting in phase separation. The phase separation of
the acoustically levitated PEG-AMS ATPS droplet includes three stages: first, a large number of PEG-rich
globules form inside the ATPS droplet, and then these PEG-rich globules collide, coagulate and migrate
outward, and finally a horizontal layered structure of the whole droplet comes into being. The evaporation
constant, the evolution of the PEG-rich globules and the AMS-rich phase area, are analyzed for ATPS droplets
with different initial aspect ratios and different initial compositions. It is concluded that the greater the initial
aspect ratio and the smaller the volume fraction of the PEG-rich phase, the faster the evaporation rate of the
droplet is; the greater the initial aspect ratio and the lager the volume fraction of the PEG-rich phase, the faster
the phase separation is. Numerical simulations show that the acoustically levitated droplets with a large aspect
ratio are subjected to greater acoustic radiation pressure on the surface, and that the corresponding sound field
is more intense and the acoustic streaming is stronger, which accelerates the evaporation and phase separation
of the levitated droplets.
characteristics, evaporation dynamics and phase separation of acoustically levitated droplets, and provide a

These findings contribute to deepening our understanding of the motion

foundation for studying the containerless preparation and processing the materials under acoustic levitation.
Keywords: acoustic levitation, aqueous two-phase-system droplet, evaporation, phase separation

PACS: 43.25.Uv, 47.57.E-, 68.03.Fg, 64.75.Va DOI: 10.7498 /aps.73.20230963
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