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Abstract

performance and life-time of actual applications.

Nanotechnology has suggested a novel approach for the breakthrough of typical cooling technology especially
on boiling heat transfer. As a hot issue in heat transfer fields, the feasible methods based on nanoscale structure
creations can be concretized with regard to the compatibility for the control of morphological surface roughness
and consequential wettability characteristics. Those two principal factors, which are definitely confirmed
to dominate physics on boiling heat transfer, are controlled by nanoscale surface treatment techniques and it
finally results in innovative improvements to effectively dissipate thermal-load from hot or high heat generating
components according to the roughened and the water-attractive characteristics. Densely distributed nanowires
as well as hierarchical morphologies via nano-structures and wettability control techniques on local area will
be briefly demonstrated regarding the effectiveness of surface manipulation and the improvement of cooling
performances. Progressive research on structural robustness and stability would be required in aspect of reliable
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Cooling technology, which makes possible to dissipate generated
or transmissive heat from hot spots to atmosphere, based on heat
transfer is an essential ingredients for practical modern industry fields.
For instance, lot of industrial products embodying Central Process
Unit (CPU) should be designed to maintain the suitable operating
temperature not to exceed critical limits which cause performance
degradation or even the component’s failure. As the quantity of heat
generation rapidly increases according to the increase of the integration
density of electric circuits, advanced cooling technologies are required
as pre-requisite criteria for thermal designing of devices.

We have looked for sufficient and feasible methods in the aspect
of cooling capacity and effectiveness based on heat transfer dynamics.
Boiling heat transfer has been considered as a powerful method for
high-thermal load dissipations accompanying vigorous phase-change
of liquid coolant on a hot spot surface [1,2]. The technique with much
higher heat transfer coefficients compared to typical single-phase
convective cooling methods like natural and forced convection via gas-
or liquid-phase coolant, has contributed to the appearance of modern
electronic devices with astonishing performances [3,4].

Since the middle of 2000s, nanotechnologies have been magnified
as a novel innovative approach to improve the cooling performance
of boiling heat transfer [5-7]. Based on thermo-physical fundamentals
on boiling heat transfer, we can present two principal factors which
dominantly determine the cooling performance; one is surface
roughness and the other is wettability characteristics. Herein, the
manipulated surface morphology via nanoscale structures, like vertically
aligned nanowires [6-10], is able to increase the roughness extremely
and intensify the hydrophilicity towards super-wetting regime which
is clearly favorable to wetting of the target surface by liquid-phase
coolant. At first, higher heat dissipation capacity can be attributed to
the increase of surface roughness, which means the extended interfacial
contact area between the solid surface and the liquid coolant. Even
though silicon nanowires have relatively low thermal conductivity
of about 8 W/m-K compared to bulk silicon substrate of about 140
W/m-K [11], the heat dissipation capability under boiling conditions

was considerably improved. This can be demonstrated by other aspects
on the morphological change via the structures. Surface morphology in
company with nano/microscale vacant area formed by the coalescence
of distributed nano-structures can play a role as a structural catalyst for
the vaporizing of the coolant. The other factor, surface wettability, has
also been verified that hydrophilic characteristics of the surfaces result
in the enhancement of surface re-wetting properties and then it helps to
increase Critical Heat Flux (CHF) to extend maximum heat dissipation
capacity. The effects of the surface roughness and the wettability on
boiling performances are schematically described in Figure 1 according
to the variation of typical boiling curves.

As a simple method via metal assisted chemical etching of silicon, a
superhydrophilic surface inducing rapid hemi-wicking of liquid water
can be obtained maintaining extremely rough surface with boiling-
favorable cavity structures [10]. Moreover, we can convert the local
contact angle from superhydrophilic to superhydrophobic regime over
160 degrees by manipulating surface free energy of the substrate [8].
The simple and cost-effective methods based on the nanotechnology
have been adopted to characterize boiling performances on flow
boiling as well as pool boiling conditions.

Even though there are still undetermined demonstrations
on the morphological contribution of the embodied structures,
typical performance indexes like CHF, heat transfer coefficient,
onset of nucleate boiling and so on, have been greatly enhanced
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Figure 1: Typical boiling curves and performance evolution according to the
manipulation of surface roughness and wettability. A boiling favorable surface
satisfying the conditions, those are extended surface area, structural catalyst
for beneficial nucleation and intensified re-wetting properties, could improve
the heat transfer performances in the aspects of less-required thermal load for
ONB, and increase of heat transfer coefficient and CHF.

indicating fascinating advances in heat transfer fields. Even though
nanotechnologies suggested a new way for the breakthrough of
technical limits on boiling heat transfer, further progressive researches
in aspects of structural reliability, robustness and long-term stability
under an exposed environment would be required for the actual
realization on products.
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