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ABSTRACT

ABSTRACT

Ultrasonic atomization is through high-frequency vibration to destroy the continuity of the
liquid, the continuous liquid will be split into tiny particles of the process, namely, single-phase
flow into multi-phase flow process. Ultrasonic atomization has become an important
technology for the preparation of aerosols due to its advantages of low energy consumption,
high efficiency, small atomized particle size, simple structure, and low cost, which is widely
used in the fields of biomedicine, advanced machinery manufacturing, advanced nanomaterials,
and environmental protection.

Ultrasonic atomization of low-viscosity liquids is quite mature. However, research on
ultrasonic atomization of high-viscosity liquids such as inhaled medicinal liquids for life forms
is very limited. Atomization of high-viscosity liquids requires a high energy supply due to the
characteristics of the liquid, and it is difficult to achieve a high energy aggregation with a single
vibration dimension. Therefore, the currently used ultrasonic atomizers have difficulty in
atomizing liquids with viscosities exceeding 10 cP. However, ultrasonic atomization of low-
viscosity liquids has been difficult to meet the needs of industry development, so there is a need
for a high-viscosity liquid ultrasonic atomization device. Our team has first proposed the flow
atomization based on two-dimensional vibrational energy input. This paper will focus on
analyzing the atomization mechanism of the flow tube atomizer, developing related equipment
based on this principle and verifying its characteristics and performance in atomizing high-
viscosity liquids. It is proved that the cavitation effect occurs during the atomization process of
the flow tube type atomizer, and the influence of the cavitation parameters on the atomization
performance is analyzed. This study is carried out from theoretical analysis, simulation analysis
and experimental verification. The research content is as follows:

(1) Explanation of the overall structure and components of the flow tube atomizer from
the cavitation effect theory. Combining the vibrational properties of the atomized flow tube and
Newton's second law to derive the forces on the cavitation nucleus under the displacement
steady state response. Simplifying the cavitation threshold equation and making the connection
to the viscosity of the liquid. According to the law of energy conservation and the force on the

cavitation nucleus under the displacement steady state response, the instantaneous collapse
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pressure of the cavitation nucleus is deduced to establish the working principle of the flow tube
type atomizer.

(2) The finite element simulation based on the working principle of the flow tube type
atomizer is performed to analyze the collapse pressure released when the cavitation nucleus
collapses. The experimental platform for the performance test of the flow tube atomizer is built,
and the impedance analysis experiment and atomization rate experiment of the flow tube
atomizer at room temperature are carried out to investigate the characteristics and performance
of the atomization of high-viscosity liquids in the flow tube atomizer, and to validate the
correctness of the relevant theoretical analysis and finite element simulation of the flow tube
atomizer.

(3) According to the principle that the ultrasonic cavitation effect emulsifies the liquid and
changes the absorbance, a full-spectrum analysis experiment was carried out to analyze the
change of light intensity before and after atomization in the atomized flow tube, so as to verify
that the flow tube atomizer undergoes the cavitation effect in the process of atomization.
Cavitation atomization analysis of an atomized flow tube is performed to observe the changes
in the region of contact between the liquid and the wall of the tube. The Raman spectra of
glycerol mixtures before and after atomization by a flow tube atomizer were analyzed to
investigate the atomization stability of the flow tube atomizer.

(4) The cavitation properties are affected by two treatments of the liquid, heating and
stirring, to analyze the effect of the above treatments on the atomization rate of the flow tube
atomizer. It is proved that increasing the cavitation effect by heating and stirring can effectively
improve the atomization rate and atomization viscosity of the flow tube atomizer. Finally, the
atomized particles of the liquid after heating and stirring are tested and the Raman spectra of

the liquid before and after atomization are analyzed.

Keywords: Ultrasonic atomization, Atomization mechanism; Biomedical; High-viscosity

liquids; Flow tube atomizer
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Fig. 1-15 Lithium niobite atomizer34! Fig. 1-16 High-viscosity biodegradable oil atomizer!33!

BB T S B = A AR I S ARG, 5 242 i A BE B I A JEE
FORSEI R Bt ey . (HE, PRI AL R B R R Rl 1 e ot 218 MR R 4t
T, DIERAESEILRE R RIS . AN AL Auas TARR 2R M IS 3 m A% 3, i
S A R LI REAT S A, 12 Rl /5 2R B KA Az A iR AL RE .
NSRRI FLEARBON, A FLIN 2 52 BIBCORBE 77, 1 WY FLIR BN A LA
ML I RE RS IRX AL YT, BRI 2R A S A a5 sl DLSEELRE B S . miRE R
ME R R AR Z AR L BN R, 1M B — IR ah 248 15 e B () PLan IR XESC B m e R A 1k
2023 SFEIEZ A% Sharma 58 NP 2 4E R RER AL 1M LR, EIRSIM AL LR R
JE IR T oM IRTe P, I N BGR AR FEORG B T PR Z AL B AR, RSB vkl BE A A4
154, 3 B iZSWBEMmH CNT 100 °C) N[N IR Rk 111 cP HIR
Ao DOFRIR A TT LA 80 PR 55 A BRI S B R R FE 3548, (I 40 °CRyn#ivs 5
A5 48 11 i 2P oA i R A1) EL S D R

1.4 SHERKEEZELHNA

R LA ) 55 A0 TR T SR PR IE A, e MR REL AT, g 8 il 4 1)
S, LA H T I R T A S R R T U A RGE O, R R R AR AR S 2
RaTT Hg s, A BEZR BONRER DR LRI S AT S A S i 24 2 A i) B 22
i, MR A ALK 2 O A2 e B TR . ok A S S AL
2P ZE S AE LR LA

10



HT i

(1) BN

2009 £F & KA 23 Barba S NPT 17—l A I B 2 55 A i 5 R Eh v o
#EVIREVINT L. BN 1-17 Pos, @k EEERR IR A S S5 TR
Tt/ 2 T 0 81 L AE P P R A PV VU IR i 50 5 ot R I YA VR AL B i it [
S AR PR SR S WD Bt R RIORE , 123k 75 Z P B B0 1) - B 5 1) 74 2 I A ) 24 R R 4
(EEAIVVER

b

- R

.

mom |

e |
| —

Wt o ©

1-17 8 75 IR A By 6 B i 2 L 41 1-18 #hEZ i A Ik H 554k 242
Fig. 1-17 Ultrasound-assisted gel preparation device*!!  Fig. 1-18 Pocket ultrasonic medical atomizer!4?]
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Fig. 2-2 Flow tube atomizer: (a) Structural diagram; (b) Front view; (c) Side view; (d) Welding area of the
connection plate to metal base; (¢) Welding area of the atomizing flow tube to the connecting plate
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Table 2-1 Structural parameters of the flow tube atomizer

T H JF (mm)
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JE /1o 1.00
HAE/d, ®30.00
HR&/dn ®24.00
1= B 8.00
Wi FE /b, 9.00
=1 36.00
BRIt 2.00
H12/Ds ®1.00
B /ds ®0.80
K/ 45.00
K/ 10.00
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Fig. 2-3 Force analysis of atomization flow tube: (a) Schematic force diagram of atomized flow tube; (b)
Longitudinal force on atomized flow tube; (c) Bending force on atomized flow tube
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Fig. 3-3 Experimental setup for impedance analysis of flow tube atomizer
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Fig. 3-4 Impedance analysis results of flow tube atomizer: (a) No load; (b) 2.2 cP kerosene; (c) 5.5 cP fatty
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Fig. 3-5 Experimental setup for atomization rate measurement

LI UETT, FEM RS ATE A A IR, BN R R AR S, ¥
TR 545 1A Vo Ao N B A U A (e R, ELAE IR 35t o U 5 S5 AR A 32
FHEF & TR R F AR B, S A I SR RO P PR T R 1 2551, ke
o S A 5 AR IR 1) v 22 X0 SR 25 SR ) )

ST URRT, B HRVRIRENIE SR, AR AR R FIRE N, HEE S RAE
s R RAE T, IR ITF R BORAS A IE 5O B E M T E R E 8, 7w
VARSI ARE R FAbes LA S A b, MR E R SRR EE, TGS R IR

31



J7IN RS TR A 8 S

L, BEFZUWEBRGEKG, MR Hr R EERIRA AR, FR~T
R FAL ], fRJa fr R A R e > B RO E M a5 e . A Z il E
LI 20 s, ST SAS RIS FEDR LR AN R SIS 5 SR B U T ) S5 A
i BE AR AN FVRG BESU AR AT SC AR I, 75 20K B 2 SEI0 B AP AE AL E A SR A
T NIRRT, DU ORSEE0 45 R A HERAIE .

— £
20 k- 5.5 cP i i A& H i
50 cP HiliE A
75 cP HliE &)
60 |- 100 cP HilR &4
—o— 125 cP HiIE &MY
G so L —9—150cP HiHREAEY
g —o— 175 cP HiMEA&W
E‘) [
£
40
) 30
>
R
20
10
0

0 65 67 69 71 73 75 77 79 81 83 85
IREHJE U (V)
K 3-6 iR T SR SI0 85 ]
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Fig. 5-7 Experimental results of atomized particle measurement after liquid heating: (a) 25 °C; (b) 30 °C;
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Fig. 5-9 Results of liquid-heated atomization Raman analysis: (a) Before atomization; (b) After atomization
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Fig. 5-10 Diagram of the optical super depth-of-field microscope bubble observation device
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Fig. 5-11 The bubble density of glycerol mixtures at different stirring rates: (a) 0 r/min; (b) 500 r/min; (c)

1000 1/min; (a) 1500 r/min
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Fig. 5-15 Raman analysis for liquid stirring atomization: (a) Before atomization; (b) After atomization
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