
Ultrasonic measurement of the
contact angle of a sessile droplet

Introduction
Techniques such as  the drop-shape method are widely  
used to  ca lculate  surface tens ion by estimating the 
contact  angle  of  l iquid  droplets  deposited on sol id  
substrates.  However,  they require  complex optical  
systems and have l imited accuracy in  the case of  smal l  
drops.  This  paper  proposes  a  novel  u l trasonic  technique 
for  the evaluation of  the contact  angle  between a  l iquid  
droplet  and a  sol id  substrate that  uses  Rayle igh wave 
backscatter ing from the droplet .

Hypothesis
When a  Rayle igh wave propagates  
a long the free surface of  a  
partial ly  immersed plate,  i t  i s  
mode converted into a  leaky 
Rayle igh and a  Stoneley (a lso  
known as  Scholte)  wave
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A s imi lar  phenomenon can occur  in  the case of  a  sess i le  
droplet ;  however  the c i rcular  contact  l ine wi l l  force the 
Stoneley wave to  creep around the droplet :

Experiments

Therefore,  the scattered field  wi l l  be character ized by a  tra in  of  
pulses  with  repetition frequency Δ f ,  dependent  on the drop 
diameter  d  and the Stoneley wave veloc i ty  C ST:
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To val idate the hypothesis ,  
water  droplets  of  d ifferent  
diameters  were deposited on a  
sta in less  steel  substrate  and 
monitored with u l trasonic  and 
optic systems throughout  the 
evaporation process  

Plate

Transducer
Droplet

SAW

Plate

Camera Droplet
Lens

Stray light rejecting box 

Light
diffuser

Light
source

θ

d

h

Results

−50 0 50 100 150 200 250
−0.20

−0.15

−0.10

−0.05

0

0.05

0.10

0.15

0.20

Time [µs]

A
m

pl
itu

de
 [V

]

Droplet
Reflections

Plate
edge

Plate - transducer interface

Initial pulse

1 1.5 2 2.5 3 3.5 4
0

0.2

0.4

0.6

0.8

1

Frequency [MHz]

S
pe

ct
ru

m
 A

m
pl

itu
de

 [A
U

]

Δf

2 4 6 8 10 12 14
2

3

4

5

6

7

8

9

10

 

 

Data

Δf
 / 

f0

d / λST

Δf 
= π d

λST

f0 

0 10 20 30 40
0

200

400

600

800

1,000

1,200

Δo
 [d

eg
]

Δθ [deg]

0 1 2 3 4
0

100

200

300

400

500

δ 
[k

H
z]

Time [min]

Data
2ndorder Fit

0 1 2 3 4 5 6
1

1.5

2

2.5

3

3.5

4

Time [min]

Fr
eq

ue
nc

y 
[M

H
z]

 

 

0.8

0.6

0.4

0.2

1
Δf

δ

Amplitude [AU]

Conclusions

Typica l  time
domain s ignal   

Spectrum character ized by the 
repetition frequency Δ f    

The pulse  repetition frequency ∆ f  
was  monitored as  the droplet  
evaporated.  Results  are  shown on 
the r ight .  The color  of  each pixel  
corresponds to  the normal ized 
ampl i tude of  the s ignal  spectrum 
measured at  time t  dur ing the 
exper iment.  

A
m

pl
itu

de

Δo

Time

Δτ 

2Δo

FFT  

Analys is  of  
multiple  droplets  

confirms the 
hypothesis    

Results
Diameter dependence

Contact angle dependence

The repetition frequency 
between echoes ∆ f  remains  
constant ,  but  the 
interference pattern 
undergoes a  shift δ  caused 
by a  continuous phase 
increment  �o between 
pulses:

Data from different  droplet  
s izes  reveals  a  quadratic 
dependence between the 
contact  angle  increment  ��  
and the phase increment  �o. ∆o = 38 ∆θ2 + 7 .25 ∆θ + 0 .0037

Dimensionless  droplet  d iameter We have demonstrated the ex istence of  quas i -Stoneley waves     
(QSTWs)  c i rc l ing  around sess i le  droplets  deposited onto r ig id  
substrates

Receding contact  angles  cause the interference spectrum of  
reflected RWs to shift to  h igher  f requencies  whi lst  reta in ing the 
same repetition frequency.

QSTWs induce resonances  that  lead to  surpr is ingly  large Rayle igh 
wave (RW) backscatter ing

Spectra l  sh ifts  are  re lated to  contact  angles  changes  by a  
quadratic law
Invers ion of  the quadratic law can be used to  measure the 
contact  angle  and opens the poss ib i l i ty  for  u l trasonic  
measurement  of  surface tens ion.

δ = Δο Δf
2π
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