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Combination of optical thermometry using the two photon absorption and time
domain thermoreflectance was utilized to capture the dynamics of surface temperature and interfacial
thermal resistance between droplet and heated substrate. This helped to better understand the
underlying physics at high frequency rates to develop a phase diagram for the droplet impingement
studies bhased on Weber number.
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Impact behaviour of aliquid droplet on a heated
solid surface is relevant to a broad range of
industrial processes. Today, there is still a need to
understand and manipulate drop impact for
applications like printing, spray coating, heat
transfer control or the prevention of icing. When
the substrate’s temperature is sufficiently high
above the boiling point, the droplet can levitate
itself from the substrate instead of experiencing
sudden boiling due to the well-known Leidenfrost
effect.

For efficient heat transfer purpose, it is desirable
for the droplet to have less contact time with the
heat transfer surface. Liu et al. [Nat. Phys. 10,
515-519, 2014] using micro-engineered surfaces
with hydrophobic coating demonstrated a novel
way to reduce the contact time of the droplets on
a solid surface. Similarly, Bird et al. [Nature, 503,
385-387, 2013] designed surfaces in such a way
that impacting droplets can split into two child
droplets which can bounce faster than the parent
drop by approximately ~ 40%.

Despite exciting findings, how the morphology of
the sub-micron features affects the timescale of
the droplet bouncing on super-heated surfaces is
not investigated yet. Advanced measurement
techniques with high spatial and time resolution is
required to capture the underlying physics behind
the droplet

impingement on super-heated

surfaces.

The key objective of proposed research is to
understand the dynamics of impinging droplets
on surface engineered super-heated surfaces. The
specific objectives of the research are as follows:
(1) Understanding the role of nanoscale texturing
and wettability

The morphology of the nanoscale features and its

effect on the timescale of the droplet bouncing on

super-heated surfaces is critical to develop
efficient heat transfer surfaces.

(2) Formulation of phase diagram of droplet
impingement on nano-engineered surfaces

It is significantly necessary to rationally control
the residence time and quantitatively predict the
critical Weber number for the occurrence of
‘pancake’ bouncing. A phase diagram similar to
the p-v diagram in thermodynamics will be
formulated considering the critical factors into
account which will facilitate improved physical
understanding the phase change phenomena.

3) Development of time domain
thermoreflectance and high speed visualization
for simultaneous measurements of interfacial
thermal transport and surface temperature
Advanced measurement techniques with high
spatial and time resolution is required to capture
the underlying physics behind the droplet
impingement on super-heated surfaces especially
the rate of vapour layer formation beneath the hot
surface and the temporal response of surface
temperature.

The novelty of this work was the first attempt to
mechanisms  of

investigate  the droplet

impingement on nano engineered surfaces
exhibiting ‘pancake’ like bouncing behaviour at
super-heated regime while previous works were
limited to room temperature. Furthermore, on
superheated surfaces, the residence time of
droplet is often captured using high speed
videography [Richard et al. Nature, 417,811-813,
2002]. Similarly, the amount of heat transfer
during droplet impingement is measured by
monitoring the surface

temperature  using

thermocouples and infrared thermometry.

However, the time resolution of such
measurements are limited to the order of few
seconds. Another novelty of this work is to

combine the advantages of using high speed



visualization and time domain thermoreflectance
to simultaneously capture the thermal boundary
resistance between the impinging droplet and the
solid surface, residence time, surface temperature
of the solid at a spatial resolution of 20-50 um

and a faster time resolution of ~1 ms.

In the present work, the impact behaviour of
droplets on heated surface and the time taken to
bounce back namely the residence time and the
lateral spreading length is of paramount
importance which decides the heat transfer
efficiency. To understand the mechanism and
achieve superior heat transfer efficiency, we
propose the following stage by stage plan:
Stage 1 — Nano-engineered surfaces fabrication

Surfaces with desired morphology will be
fabricated using soft lithography facility at
Kyushu University as shown in figure 2.
Functional hydrophobic coatings on desired areas
were coated using self-assembled mono layers
(SAMs) to manipulate the wettability of the
surfaces or graphene nanosheets.
Stage 2 — Characterization of nano-engineered
surfaces

Surfaces prepared using soft lithography were
characterized using SEM/TEM to visualize the
patterns.
Stage 3 — Experiments using time domain
thermoreflectance and high speed visualization

Droplet impact measurements were carried out
on heated substrate along with the high speed
visualization. To simultaneously measure the
surface temperature changes and interface
thermal conductance, two photon absorption and
time domain thermoreflectance measurements
were carried out.
Stage 4 — Experimental measurements

Combination of optical thermometry using the

two photon absorption and time domain

thermoreflectance was carried out to capture the
dynamics of surface temperature and interfacial
thermal resistance between droplet and heated
substrate. This has resulted in understanding the
underlying physics to develop a phase diagram
for the droplet impingement studies based on

Weber number.

Combination of optical thermometry using the
two photon absorption and time domain
thermoreflectance was utilized to capture the
dynamics of surface temperature and interfacial
thermal resistance between droplet and heated
substrate. This will enable us to understand the
underlying physics at high frequency rates which
is helping to develop a phase diagram for the
droplet impingement studies based on Weber

number.
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