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Abstract

Boundary effect is significant at nanoscale because nanomaterials have
super high specific surface ratio. The previous studies mostly focus on the
influence of the boundary on thermal properties and temperature fields.
However, Fourier law is invalid at nanoscale, so the heat flow cannot be
described merely based on the thermal conductivity and temperature
gradient. There is still no equation can reflect the entire heat flow field,
which conceals the mechanism of nanoscale heat transfer in some sense.
Hence, the studies on heat flow manipulation is both of scientific and
applied significance. In this dissertation, we investigate how boundaries
affect heat flow, and how to achieve the manipulation of heat flow.

We study the spectral phonon properties of graphene nanoribbons
(GNR), especially on the influence of edge chirality, i. e. armchair and
zigzag. Boundary effect leads to a sharp reduction of thermal conductivity.
The thermal conductivity of zigzag GNR is higher than armchair GNR,
which is 585.4W/(m + K) and 396. 8W/(m * K). The heat flow profiles
show that a remarkable degradation can be seen nearby the edge. In
addition, the heat flow degradation of armchair GNR is stronger than
zigzag GNR., We establish the model of phonon gas viscosity based on
thermomass theory, estimating that the phonon gas viscosities of
armchair GNR and zigzag GNR are 3.1 X10 *Pa « Sand 2. 2X107*Pa « S.
Hence, the heat flow boundary slip of armchair GNR is weaker than
zigzag GNR, resulting in a lower heat flow and thermal conductivity of
armchair GNR.

The thermal rectification (TR) in polyamide (PA) and silicon (Si)
nanowire interface is experimentally investigated for the first of this kind.

It shows that the heat flow from Si to PA is favored. TR ratio is about
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4% with less than 1% uncertainty. The molecular dynamics simulations
show that the mechanism of nanowire interface TR can be explained by
the phonon localization theory. The extent of phonon localization of PA-
to-Si heat flow is greater than Si-to-PA heat flow. Hence, the latter has
higher thermal conductivity.

We designed a graphene-based nanoscale thermal cloak, achieving the
thermal cloaking in nanostructures. The influences of cloak thickness,
hydrogen fraction, hydrogen distribution and mass of functional group are
investigated by the molecular dynamics simulations. It is found that the
cloaking performance is correlated with the functionalization fraction and
it has a local maximum at a certain thickness, since the heat flow
reduction in the exterior and the protected region reverses if the thickness
is excessive, The influence of hydrogenation distribution on thermal
cloaking is totally opposite to that of the thermal conductivity. The higher
thermal conductivity, the poorer thermal cloaking performance. The
atomic mass of the functional group is also positively correlated with the
cloaking performance.

The molecular dynamics simulations show that the atom density of
Ar increases remarkably and a quasi-crystal structure appears nearby the
Ar and Au interface. There are no phonons in the Ar atoms that far from
the Ar/Au interface. However, the closer to the interface, the more
phonons are excited. The thermal conductivity of the Ar atoms nearby the
interface is anisotropic, the mean value of which is 50% higher than the
thermal conductivity of the atoms far from the interface. The direction
that perpendicular to the interface has the lowest thermal conductivity,
The increase of interface potential parameters can promote the thermal
enhancement nearby the interface. Hence, it is demonstrated that the heat

conduction can be enhanced by the interface.

Key words: Boundary; Heat flow manipulation; Thermal rectification;

Thermal cloaking; Thermal enhancement
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