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Abstract: To investigate the dynamic wetting behavior of droplets during anti-gravity migration on an
inclined aluminum plate surface under 35 kHz ultrasonic excitation, the effects of droplet volume,
ultrasonic vibration velocity, and surface inclination angle on droplet diameter spreading ratio and

contact angle hysteresis were quantitatively analyzed. The evolution of droplet wetting behavior was
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revealed, and the synergistic relationship between microscopic wetting properties and macroscopic
dynamic behavior was established. Furthermore, based on the force competition mechanism, a
comprehensive dimensionless number including the acoustic Weber number and the Bond number was
constructed, and an empirical relationship for predicting the droplet dynamic response was established.
The results show that ultrasonic excitation enhances droplet wetting ability and drives droplets to
migrate against gravity on inclined surfaces at angles of 30-90°, with a maximum displacement of
approximately 5.04 mm. The droplet diameter spreading ratio exhibits a nonlinear evolution of
"increase-peak-retraction-steady" under ultrasonic, with the maximum values ranging from 1.16 to 1.51,
primarily positively modulated by vibration velocity. Ultrasonic vibration effectively weakens gravity-
induced wetting asymmetry, driving the contact angle hysteresis from a gravity-dominated negative
state to an ultrasonic-dominated positive state, and the dimensionless number corresponding to the

critical value of this transformation is 18.79. This study provides theoretical and experimental basis for

the control of droplet transport and surface wetting based on the ultrasonic field.

Keywords: ultrasonic wave; inclined surface; droplets; anti-gravity migration; wetting properties
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