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1. Introduction

Critical heat flux (CHF) and nucleate boiling heat
transfer coefficient (NBHTC) are the key parameters
characterizing pool boiling heat transfer. These
variables are complicatedly related to thermal-hydraulic
parameters of surface wettability, nucleation site
density, bubble departure diameter and frequency, to
mention a few. In essence, wettability effect on pool
boiling heat transfer has been a major fuel to enhance
the CHF. Often, however, the improved wettability
effect hinders the nucleate boiling. Thus a
comprehensive review of such wettability effect may
enlighten a further study in this boiling heat transfer
area. Phan et al. described surface wettability effects on
boiling heat transfer as shown in Fig. 1 [1].
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Fig. 1. A logical diagram describing the effects of the contact
angle on the nucleated boiling parameters [1].

2. Review of recent research

Recently many researchers have studied a boiling
enhancement technique using nanofluids. After
observing a considerable surface modification with the
nanofluid boiling, more sophisticated coating
techniques have been explored to draw an equivalent
enhancement in boiling heat transfer. In this section
studies on wettability change to enhance boiling heat
transfer are reviewed.

2.1 Wettability change during nanofluids boiling

Heat transfer enhancement in nanofluids is achieved
by nanoparticle deposition [2-4]. Kim et al. found a
considerable enhancement in CHF and suggested that
such improvement was caused by nanoparticle
deposition (Fig. 2) rather than physical or chemical
properties of the nanofluids [3]. They studied the pool
boiling characteristics of dilute dispersions of alumina
(AL,O5), zirconia (ZrO,) and silica (SiO,) nanoparticles
in water. In this study buildup of a porous layer on the

heater surface was formed during nucleate boiling. The
porous coating layer increased the wettability, which
was confirmed as a consequence of the nanoparticle
deposition.

Fig. 2. SEM images of steel wires taken after boiling pure
water and 0.01%v alumina nanofluid [3].

2.2 Wettability enhancement techniques using dry-
coating techniques

Boiling heat transfer can also be enhanced by dry-
coating techniques to change surface wettability.
Different from the surface modification during
nanofluid  boiling,  various  micro/nanocoating
techniques on a heated surface allow a more systematic
design of the nano-structured surfaces.

Kim et al. used four artificial surfaces (F, M, N, NM)
to the substrate silicon plate to observe the effect of
surface modification [5]. It was found that the surfaces
with nanorods (N, NM) showed better wettability than
those without (F, M) as presented in Fig. 3. In addition,
the higher CHF enhancement was observed in the
surfaces with improved wettability. They concluded
that major parameters to enhance CHF are wettability,
spreadability, and surface geometry.
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Fig. 3. Mean (n=5) contact angles images of various test
surfaces. (a) F surface, (b) M surface, (c) N surface, (d) NM
surface. The contact angle value of each test surface is
marked on the upper right of each image. Uncertainty is about
(+/-)3°[5].
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Phan et al. conducted experiments to investigate the
influence of surface wettability on nucleate boiling heat
transfer [6]. They investigated various coating
techniques of chemical vapor deposition (CVD),
physical vapor deposition, and nanofluid boiling. Fig. 4
shows the static contact angle ranging from 22° to 112°,
which correspond with hydrophilic and hydrophobic
surfaces. It was found that, for hydrophobic surface,
bubble cannot detach from the surface resulting in
damage to the wall. On the other hand, for hydrophilic
surface, bubble departure diameter increases and bubble
emission frequency decreases. Moreover, HTC is
dependent on the ranges of the contact angles. The
enhancement of the HTC was observed at very high
surface wettability (0<45°). However, the HTC
deteriorated at low surface wettability (45°<6<90°).
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Fig. 4. Static contact angles of 2-ul sessile water droplets on
stainless steel surfaces with and without nanoparticle
deposition [6].

Surface modification to change surface wettability
can be achievable using an electroetching process. Chen
et al. studied the effects of nanowire arrays made of Si
and Cu [7]. The Si nanowires were obtained through an
aqueous solution of electrolyte, AgNO; and HF acid.
Experiencing continuous oxidation and etching process,
the Si nanowire arrays were developed in the unetched
region. Fig. 5 presents the nanowire arrays and the
coated surfaces with the corresponding contact angles.
A superhydrophilic surface (very low contact angle)
was shown for the surfaces coated with Si or Cu
nanowires. It was found that boiling heat transfer was
considerably enhanced in both CHF and HTC by more
than 100%. They suggested that the enhancement can
be affected by high nucleation site density,
superhydrophilicity, and enhanced capillary pumping
effect of nanowires, which are the unique properties of
nanowires.
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Fig. 5. SEM images of (a) top view of Si Nanowires, (b) cross

5i or Cu Nanowires

section of Si Nanowires, (c) top view of Cu Nanowires, (d)
cross section of Cu Nanowires, (e) static contact angle of a
water droplet on surfaces of Si, SiO,, and Si and Cu
nanowires [7].

3. Conclusions

The recent researches were reviewed in light of the
wettability effect on boiling heat transfer enhancement.
In general wettability change during nanofluid boiling
shows significant heat transfer enhancement, especially
of the CHF. It has been well-known that the
nanoparticle deposition on the heated surface affects the
improvement. To obtain favorable nano-structured
surfaces resulting in wettability change, dry-coating
techniques have been developed. In many cases, similar
CHF enhancement is reported. However, prediction of
HTC enhancement is not in a comprehensive step. It
depends on various boiling and surface conditions
including surface wettability. Therefore, a further study
on wettability effect is required with integrated
consideration of CHF and HTC together at various
experimental conditions.
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