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a b s t r a c t

The effect of surface wettability on the collision dynamics and heat transfer phenomena of a single water
droplet impacting upon a heated solid surface has been studied experimentally. To modify the surface
wettability, two modules of stainless steel coated by TiO2 were employed. The first module was induced
by ultraviolet irradiation to produce the hydrophilic surface, while the second one was not. The diameter
and the depth of coating surface were 30 mm and 200 nm, respectively. The droplet size was varied from
1.90 to 2.90 mm and substrate temperature raised up to 340 �C. The interaction of an impact water drop-
let with a heated solid surface was investigated using a high-speed video camera.

As a result, it was found that; (1) in the lower surface temperature region the evaporation time
decreases as the static contact angle decreases, (2) the wetting limit temperature decreases with the
increase of static contact angle, (3) the ultraviolet irradiation on the TiO2 surface does not change the
qualitative behavior of the evolution of wetting diameters, and (4) the maximum wetting diameter
increases with the decrease of static contact angle below the wetting limit temperatures.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Spray cooling is the most popular technique of water-cooling in
the iron and steel making industries. It is commonly applied in the
manufacture of steel, internal combustion engines, and turbine
blades, in order to cool down the hot surfaces, in both very high
and medium temperature regions. Spraying a hot surface with li-
quid droplets yields much higher heat fluxes than can be obtained
by forced convective cooling. The high heat transfer rate is benefi-
cial because they allow the size, cost, and complexity of heat ex-
changer equipment to be reduced. Application of spray cooling
thus promotes the ability to greatly reduce production cost and de-
velop accurate and efficient heat transfer process for the making of
high quality metal product which will ultimately determine the
profitability of the final product.

Understanding the physics of the phenomena is essential in or-
der to build a model capable of predicting the heat transfer with a
high accuracy. However, under practical conditions, the dispersion
of the liquid results in the generation of numerous droplets which

collectively can be difficult to study systematically. To investigate
the underlying phenomena of spray cooling transient heat transfer
characteristics in a more manageable fashion, droplet studies can
be applied. The physics of a single droplet impact on heated walls
can be used to predict the global heat, transfer characteristics of an
entire spray [1].

Laboratory studies of spray cooling have typically measured the
temperature variation and the effect of liquid properties on the
evaporation [2–6]. They observed that the droplet impact dynam-
ics depend on both substrate temperature and impact velocity. If
the surface temperature is above the boiling point of the liquid,
nucleate boiling will commence with vapor bubbles forming in
surface crevices, detaching and rising into the liquid. Once the sur-
face temperature rises above the ‘‘Leidenfrost point’’ droplets go
into a state of film boiling and are seen to levitate above the solid
surface, supported on a film of their own vapor. Furthermore, Moit-
a and Moreira [7] noted also that those experiments intend to iden-
tify the fluid-dynamic regimes of the droplet interaction and to
quantify the outcome of droplet impact (size, velocity and angle
of ejection of secondary droplets, as well as mass deposited onto
the surface).

Despite many such investigations in the past, many fundamen-
tal questions remain to be answered. One issue which has received
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inadequate attention is the effect of wetting angle on the evapora-
tion of water droplet on a heated solid surface. This may be due to
the difficulties of altering the static contact angle as the only exclu-
sive parameter with all the other parameters being unchanged. The
introduction of ultraviolet irradiation (UV) on the TiO2 coating of a
solid surface to alter static contact angle can be one of the solutions

for this problem as reported by [8]. From this fact, we expect that
heat transfer characteristics of liquid–vapor phase change phe-
nomena like boiling and condensation can be controlled and/or en-
hanced by UV irradiation making use of TiO2-coated surface. In
addition, it is also important to investigate the different character-
istics between TiO2-coated surfaces and normal uncoated surfaces.

The objective of this study was to experimentally investigate
the isolated effect of the static contact angle on the collision
dynamics and heat transfer phenomena of a water droplet impact-
ing upon a heated solid surface. To realize this aim, we made
coated stainless steel surfaces with TiO2. By irradiating the TiO2

surface using UV light, the static contact angle of a droplet on

Nomenclature

do initial droplet diameter (mm)
D wetting diameter (mm)
Dmax maximum wetting diameter (mm)
Re Reynolds number (–)
Ro initial wetting radius (mm)
Rmax maximum wetting radius (mm)
Ts surface temperature (�C)

We Weber number (–)

Greek symbols
b spreading ratio, (D/do), (–)
r surface tension (N/m)
h contact angle (�)
l Viscosity (Pa s)

Fig. 1. Evaporation curve [13].

Fig. 2. Schematic diagram of the experimental apparatus.

Table 1
Specification of the heat transfer surfaces.

No. Surface treatment Static contact angle
(h)

1 TiO2 coating with ultraviolet irradiation (UVW) 0�
2 TiO2 coating without ultraviolet irradiation

(UVN)
(22–23)�

3 Normal stainless steel (NS) 88�
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 (a) Under ultraviolet irradiation 
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(b) Change of contact angle after removal of UV irradiation 

Fig. 3. Time variation of contact angle.
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