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Abstract

The experimental and theoretical investigations into the head-
on collision between a landing droplet with ariother one resting
on the PDMS substrate were addressed in this talk. The
colliding process of the iwo droplets was recorded with high-
speed camera. Four different responses after collision were
observed in our experiments: complete rebound, coalescence,
partial rtebound with conglutination, and coalescence
accompanied by conglutination. The contact time between the
two colliding droplets was found to be in the range of 10-20
milliseconds. For the complete bouncing case, Hertz contact
model was applied to estimate the contact time of the binary
head-on colliding droplets with both the droplets considered as
elastic bodies. The estimated contact time was in good
agreement with the experimental result.
Keywords: Droplet  collision, Rebound, Coalescence;
Conglutination, Contact time, Hertz contact theory

Introduction.

Considerable attention has been attracted for droplet collision
" dynamics over a very wide time span. In 1879, Lord Rayleigh
noted that smal! droplets can bounce in collisions with a larger
pool of water [I, 2], As natural phenomena and common
knowledge, cloud droplet collision and coagulation are helpful
for the formation of precipitation of rainfalls. Recently,
raindrops have been used to harvest electric energy for
microelectromechanical systems (MEMS) from a piezoelectric
system [3]. Dropiet impingement also plays an important role
in many industrial applications, including ink-jet printing,
spray painting and coating, rapid spray cooling of hot surfaces.

803

Polydimethylsiloxane (PDMS) elastomer has been widely used
as a versatile material in the fabrication of microfluidic devices,
rapid prototyping and nanolithography. The well-known
advantages of PDMS include its optical transparency, chemical
inertness and non-flammable property {4-6]. Motivated by such
practical applications in its fundamental importance and
industrial applications, the head-on impact of a droplet with
another one resting on a horizontal PDMS substrate is studied
both experimentally and theoretically in this talk.

Experimental

Two kinds of solid substrates were adopted in our experiments:
PDMS membrane (Sylgard 184, Dow Corning, USA; ratio of
the base to curing agent=10:1) of 1.82 mm in thickness, and
PDMS films fabricated directly on the indium-tin-oxide (ITO)
glass, cleaned thoroughly by the sonicleaning method. PDMS
films were spread onto the ITO glass with spin coating by spin
coater (KW-4A). The relationship between the spin speed and
thickness of the PDMS f{ilm was obtained in our previous
research [7]. The thickness of the PDMS film was 7.6 um, as

measured with the Surface Profiler (Dektek IT A).

In our experiment, the droplet was placed on the solid substrate
and remained as a drop with a definite contact angle &
between the liquid and solid phases, which was measured with
the OCA20 system (precision +0.1°) from Dataphysics,
Germany, using a sessile drop method. Droplets were dropped
to the substrate with a syringe needle of the system. When
droplet 1 was deposited to the substrate, it kept vibrating for a
while, before reaching a steady state, and then droplet 2 was
dropped and collided with droplet T (Fig. 1). The entirc impact
process was recorded with high-speed photography of 400 FPS
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Figure 1. Experimental set-up.

(frame per second). Two kinds of droplets (pure water and
soapy water with concentration of 2 %o} were tested, under the
temperature of 23.0 °C and the relative humidity of 31.0 %.

Results and discussion )

Four different types of response after collisions were observed:
(i) Droplet 2 bounced completely like an elastic ball. (Fig. 2} In
this case of complete rebounds, both droplets exhibited obvious
elasticity. A simple model will be developed to estimate the
contact time later.

(i) The two droplets coalesced directly without rebound,
permanently merging into one drop. (Fig. 3) Coalescences
occurred much more {requently than complete rebounds.

(iii) Conglutination occurred when droplet 2 bounced and the
two droplets separated successfully. (Fig. 4)

(iv) Droplet 2 rebounded ‘and then coalesced together with
droplet 1 due to the conglutination. (Fig. 5) Experiments also
indicate that two droplets of pure waier cannot separaie
successfully due to the conglutinations.

Energetics and rebound time estimation
The collinear impact of two elastic spheres is a solved problem

according to Hertz’s static theory of elastic contact [8]. When

two liquid droplets collide together, the contact time 7 is takes
the form as [9]

s £ "
sT(9/10) | kv

where £ = nym, / (m1+m2) is the reduced mass, v is the

relative velocity; k=4JRR /R + Ry / 5E* R and R,
are the curvature rtadii of the contact  surfaces,
E =0.75[(1-a~f)/E1+(1—a§)/E2}, E,E, and 0,0, are
the Young's moduli and the Poisson’s ratios of the two droplets,
respectively; T(*) is the Gamma function. The subscripts |

Figure 2. eque:m

o : VR i £
images ‘of the impact and bounce of two, pure

water droplets, The solid substrate is PDMS film coated on ITO glass.

Figure 3.

Sequentizal images of the 1mp and coalescences of two

pure water droplets. The solid substrate is the same as that in Fig. 2.

Figure 5. Sequential
conglutination. The so
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Figure 4. Sequential images of the impact and bounce of two soapy

water droplets. The solid substrate was PDMS membrage.

jmages of the coalescence acc mied by
lid substrate is the same as that in Fig. 2.
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and 2 indicate guantities pertaining to droplet 1 and droplet 2,
fespectively.

We take the E=y/R
equivalent module [10]. The Poisson’s ratio of both pure water
and soapy water is taken as o7 =0, =05 as in an

Laplace pressure, as its

incompressible condition.
In our model, droplet 1 is rest before collision, so the

relative velocity is equal to the impact velocity of droplet 2.

The volume of the droplets can be measured experimentally
(100 pL for water and 5.0 ul for soapy water). For these

droplets, R; and R, will be known from the initial shape.

Gince the gravity force is neglected for the Bond
number, Bo <1, droplet I remains in the shape of an
approximate spherical segment on the solid substrate and
droplet 2 is in the shape of a sphere falling down.

The contact time measured in our experimenis for pure
water is about 17.5 ms and the theoretical result with our model
as calculated by Eq. (1} is about 29.2 ms. The experimental
contact time for two soapy water droplets is about 15.0 ms,
while the theoretical solution is about 27.0 ms. They are in
quite good agreement.

It should be noted that ours is just a simple model with a
nurmber of factors neglected such as: (i} Part of the deformation
energy stored in the solid substrate with respect to the overall
deformation of the droplets during the collision. (if) The elastic
oscilfations of the droplets during the collision.

Conclusion

In this paper, the head-on impact of the binary liquid droplets
was studied experimentally and theoretically. Responses after
the collision can be distinguished into four cases: complete
rebound, coalescence, partial rebound after conglutination, and
coalescence accompanied by conglutination. Hertz contact
theory is introduced to estimate the contact time. The
theoretical results agree very well with the experimental data.
The authors believe that the droplet collision dynamics will
remain an attractive scientific problem for a long time due to its
various applications from acrospace to nanotechnology.
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