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Abstract  Surface destabilization of droplets under external excitation has always been a matter of interest in the field
of fluid dynamics. Waveforms with different morphologies or secondary droplets would appear in the surface under
different excitation conditions. In this paper, the analysis of the dynamic characteristics and generation mechanism of
latitudinal and longitudinal waves was conducted. Firstly, an experimental system of droplet oscillation with controllable
excitation amplitude and frequency was established. The experimental results show that different forcing amplitudes lead

2023-06-12 ek, 2023-08-02 31, 2023-08-03 M 45 hi Kk 3.
D ER ARG (51976011), JL50IT FARHEIES: (3212022) AL SO T 28 0UFF i 4 03 A4 % B4 3t &)
(2022CX01021) ZFBHI H .
2) EH S, HIBESE I, SRS 1 b A . WO S 0E% 3 1% E-mail: wukun@imech.ac.cn
IR B8, R, A, EART7, M, S, B BB N BRI I0R S RS T o BT 25254, 2023, 55(9): 1867-1879

Li Yikai, Zhu Ming, Xi Ru, Wang Dongfang, Yang Ziming, Wu Kun. Analysis of the surface wave instability of a semi-spherical

droplet under vertical excitation. Chinese Journal of Theoretical and Applied Mechanics, 2023, 55(9): 1867-1879



https://doi.org/10.6052/0459-1879-23-238

1868 Wij 2 2 Eitd 2023 4E 5B 55 &

to different droplet interface instability modes. The longitudinal waves are generated only when the amplitude is large
enough, and its evolution frequency is half of the driving frequency, while the latitudinal waves are always present whose
frequency equals to the driving frequency. A change in driving frequency causes a shift in destabilization modes, and an
increase in driving frequency increases the number of surface wave modes and decreases the wavelength of the surface
waves. When the driving frequency exceeds a certain threshold, the waveform will shift from a latitudinal wave mode
only to a latitudinal wave superimposed on a longitudinal wave mode. Meanwhile, three-dimensional numerical
simulations were conducted. By studying the velocity and pressure fields of droplets, combined with the phase
relationship between droplet vertex displacement and inertial force, the mechanism of droplet formation of latitudinal
waves is elucidated: under the combined action of inertial force and surface tension, the droplet surface wave completes
periodic energy conversion and transition. The surface wave characteristics dominated by the Faraday instability are
analyzed comparatively for vertical versus radial acceleration direction. It is found that the geometrical characteristics of
the droplet generate radial forces normal to the contact line, and when the vertical inertial force increases so that the radial
force reaches a certain threshold, the droplet undergoes longitudinal instability, and the corresponding longitudinal wave
frequency is half of the driving frequency.

Key words vertical vibration, interface instability, experimental study, simulation analysis, Faraday instability
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Fig. 1 Schematic diagram of the experimental setup
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Table 1 Physical properties of water at atmospheric

temperature and pressure

. Density/ ~ Dynamic viscosity/ Surface tension
Diameter/mm
(kg'm™) (mPa-s) coefficient/(mN-m ")
7.5+0.02 998 1.01 72.7
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Fig. 2 The relationship between forcing amplitude and excitation
voltage of the plate under different frequencies
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Table 2 Experimental condition: influence of forcing amplitude

(300 Hz)
Cases E-A E-B E-C
Amplitude/um 40 160 200
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Table 3 Experimental condition: influence of forcing frequency

Variables Values
frequency/Hz 200, 250, 300, 350, 400, 450, 500, 800, 1000, 4000
voltage/V 5~30
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Table 4 Simulation operating condition parameters
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Droplet pressure field and velocity vector field at different moments for case S-A in the xoy cross section
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