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Abstract. Droplet vibration finds numerous applications in inkjet printing, combustion sprays, drop 

atomization and so on. In several of these processes, the primary interest is to know the resonant fre-

quencies and mode shapes of the drops. The variation ofexperimentally determined resonant frequen-

cies with Bond Number is explored and found to be in good agreement with a 1D capillarygravity 

wave model.  

 

• INTRODUCTION

Droplet can be slipped due to a pressure difference 

caused by the hysteretic movement of the liquid on the 

super-hydrophobic stripes forces the liquid to move 

away from the super-hydrophobic area to the hydro-

philic area. 

There are different technique to study the behaviour of 

the droplets. 

the two major technique are using 

1. using piezometer (pressure) 

2. Using speaker (resonance) 

In both technique the mat lab programme is generated 

using this programme the sinusoidal wave are generat-

ed and is passed into the different device. 

Using  piezometer where the pressure is created under 

the transducer which vibrates the liquid droplets which 

has dropped on the surface placed on transducer. 
Using speaker where the resonance is created in the 
speaker which a small platform is placed on speaker 
the resonance which created from speaker creates a 
sound waves 
 
While first contact angle is measured by using VCA 
systems where image is captured from 600mm dis-
tance by using micro-lens from high resolution cam-
era. 
For measuring the contact angle we need to download 
a software called imagej software with drop analysis 
plugin.droplet image is converted into grayscale and 
contact angle is measured in drop analysis. 
Using this contact angle and the radius of the droplet 
where natural frequency of the liquid by Lamb devel-
oped an expression for the natural frequency of these 
spherical drops neglecting the effect of gravity interms 
drop volume (V), surface tension (σ) and density (ρ)  
 

 
 
 
 
an experimental analysis of resonant frequency of 
droplets in first resonant mode was carried out by us-
ing electromagnetic speaker.The amplitude of vibra-
tions was large enough to observe resonance using a 
high speed camera.  
The effect of substrates on the free vibration of drops 
was studied later by partially  
supporting liquid drops , the results of which con-
formed to the relation between the  
drop radius and frequency as given by Lamb.the vibra-
tions of these drops are not completed until it taken 
further till theoretically.A loudspeaker with a signal 
generator and power amplifier was used for excitation 
and images were captured using a digital camera 
(60fps). It was noted that for contact angles from 

the frequency parameter increased, attained a 
maximum value between contact angles from 

, and then decreased for contact angles great-
er than  . However, for the drop volumes consid-
ered, the theoretical model, failed to predict the fre-
quencies for the cases when contact angle was less 
than 30_ because the curvature of the drops was found 
to be more the than the capillary length  
of the liquid causing the gravity effects to be domi-
nant. Vertical vibration of sessile drops on a hydro-
phobic surface was experimentally carried out using 
loudspeaker as excitation source and a high speed 
camera for capturing the mode shapes. 
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Experimental setup and measurements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Electronic speaker with different has been used to 
characterize the droplet vibrations. Fundamental prin-
ciple being that the path length of light passing 
through the drop would change due to change in sur-
face geometry at resonance. To the best of our 
knowledge, this technique has been used in this work 
for the first time for such application. The technique 
enables characterization of extremely small size drop-
lets. A customized setup, consisting of a leveller sub-
strate vibrated using a standard loudspeaker, is built to 
interface with Micro map. The surfaces are cleaned 
with acetone and distilled water before each measure-
ment. Experiments are conducted in an isolated envi-
ronment to eliminate the effect of noise and air cur-
rents. The drops are repeatedly changed to reduce the 
effect of evaporation. Resonance is accounted by the 
sharpness and an increase in the number of fringes ob-
served at a particular frequency. The amplitude of os-
cillation is kept very low so as to get discernible dif-
ference in the number of fringes near the resonant fre-
quency of the drop. To ensure repeat-ability and the 
accurate determination of the resonant frequency, the 
oscillation amplitude is varied to control the number 
of fringes obtained at and around the specific frequen-
cy. 

 
 
 
• Experimental results and graphs . 

Two stages of spreading showing com-

plete and incomplete spreading. 

 
 

 

Time sequence height profiles of water  

drop spreading. 

 

RESULT 

 

 

Mode 1                      Mode 2 

 

• Drop oscillations. 

 

 
 

• Conclusion  

The frequency response for vertical vibrations of wa-
ter drops of different volumes on hydrophilic and hy-
drophobic substrates are observed using a novel exper-
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imental technique, Electronic Speckle Pattern Interfer-
ometry(Fringe patternsfor first three axisymmetric and 
non-axisymmetric modes are correlatedwith the theo-
retical and experimentally observed drop shapes. A 1D 
capillary gravity wave model is used to compare the 
frequencies, the results for which are quite consistent. 
A dimensionless frequency parameter is used to com-
pare the behavior of resonant frequency on the PS and 
PDMS substrates with Bond number. The frequencies 
are found to be higher for the PS substrate, which 
agrees with the contact angle dependence given in 
previous findings. 
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