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Abstract: Nanofluids are binary mixtures of nanosized solid particles (<100nm) and liquids
with volumetric concentrations usually less than 5% that have exhibited enhanced thermal
characteristics. The underlying heat transfer mechanisms of their behaviour are
unconfirmed. The overall impact of global domain-wide thermophoretic effects in
nanofluids for different nanoparticle sizes is believed to be one of the driving mechanisms
giving rise to the observed phenomena. Thermophoresis is analysed with the use of a
custom-made molecular dynamics simulation code that models the kinematic behaviour
of a simplified nanofluid in a domain with a temperature gradient. Despite nanoparticles
found to be significantly more mobile than fluid molecules, no net migration effects of
nanoparticles are discovered across the temperature gradient of the system for all
nanoparticle sizes tested throughout the simulation. It has been concluded that even
though local stochastic nanoparticle-level thermophoretic effects are important, global
domain-wide directional thermophoretic forces have not been observed under these

circumstances.

Introduction/Background: Nanofluids are mixtures of coolants (e.g. water, ethylene
glycol etc.) and solid particles, usually less than 100nm in size, in volumetric
concentrations frequently less than 5% vol. These engineered fluids became interesting
to the technological field of cooling, as they have exhibited increased thermal performance
characteristics compared to their pure liquid counterparts. The physical mechanisms
giving rise to the exhibited thermal enhancement are unconfirmed. As such, optimisation
of these liquids is not straightforward [1].

The current authors’ metadata statistical analysis investigation of a large proportion
of the available literature indicated that thermal enhancements up to 200% could be
achieved with nanofluids over conventional liquids [2]. The analysis indicated that the most
popular mechanisms to explain these phenomena (in order of popularity) are the Brownian
motion of nanopatrticles (NP), the interfacial liquid layering (Kapitza resistance) theory, the

aggregation and diffusion theory or simply a combination of all three.
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phenomena. The mechanism appears to Figure 1. Schematic MDS domain
confirm at large the speculations found in the set up, indicating main features
literature. The increased mobility of NP was shown to be a result of local stochastic
thermophoretic effects arising from mismatching local nanoparticle-liquid temperature
differences across the surface of NP and the surrounding liquid molecules. Kapitza
resistance seemed to play an important role in combination with the ability of the NP to
rotate and translate inside the domain. In the current work, a custom-made MDS code is
used to evaluate the influence of non-stochastic, collective, directional thermophoretic
effects on dispersion of NP suspended in liquids with an applied temperature gradient for
varying NP sizes.

Investigations of the physical slip mechanisms that might give rise to the increased
mobility of NP in the literature are directing, amongst others, towards global effects of
thermophoresis and enhanced Brownian motion. Thermophoresis is classically defined as
a directional force applied on particles suspended in liquids and gases with temperature
gradients. The force is defined as non-stochastic and aligned against or along a
temperature gradient in the domain. Thermophoresis is expected to cause global particle
migrations from hot towards colder parts of the domain and vice versa [5]-[7]. Buongiorno
examined convective transport in nanofluids [8]. They identified that Brownian diffusion
and thermophoresis are the most important NP/base-fluid slip mechanisms, explaining the
thermal enhancement found in nanofluids. Bahiraei has analysed the impact of
thermophoresis on NP distribution in nanofluids via a scale analysis [9]. It was concluded
that thermophoresis has a significant effect on NP distribution in domains with an applied
temperature gradient. A MDS study has also been performed by Han [10] for 1um particle
diameters and they concluded that thermophoresis could induce non-stochastic particle

migrations from the hot to the cold side of the domain or vice versa.
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resulted from a Figure 2. Topological PDF of nanoparticles and baseline
simulation  based spread

on the Lennard Jones model [11] of Argon molecules in a 2D domain (Subdomain C) with
horizontal adiabatic walls and periodic boundaries in the x direction. A temperature
gradient is applied to the system via horizontal walls. A nanoparticle is formed by applying
increased intermolecular attraction forces at the core (Subdomain A) and surface
(Subdomain B) of the nanoparticle (Figure 1). The nanoparticles are formed at the centre
of the domain. To avoid wall effects, the size of the domain scales to the size of the
investigated NP, while, for all cases, a constant linear temperature gradient is applied. All

guantities are presented in Non Dimensional Units (NDU) according to [11].

Discussion and Results: A collection of 1500 MDS realisations from stochastically
initialised systems is used to compile the results. Each realisation includes 500NDU (100k
time steps). Four nanoparticle sizes are examined, namely 0.6, 1.1, 2.0 and 2.7nm.
Baseline reference cases are composed to facilitate a comparison between the scaled
domain sizes without NP. A timeline of the Probability Density Function (PDF) of the
topology for the nanoparticles is presented along with the baseline topology at the final
iteration of the simulation in Figure 2.

Starting from the Baseline data, it is evident that no net accumulation of fluid
molecules exists in the domain (as expected). The apparent shrinkage of the topological map
is due to the effects of domain scaling to accommodate larger NP under the same
temperature gradients. The spread geometry is symmetrical in both axes as expected. For
the case of NP, these appear to be reaching further into the edges of the domain (higher
penetrability). Their penetrability is intensifying with increasing NP size, which is a novel

finding and complies with earlier studies of the current authors. The activity of NP is shown



1% International Conference on Nanofluids (ICNf2019)
2"European Symposium on Nanofluids (ESNf2019)
26-28 June 2019, Castelld, Spain

to be higher in the hotter parts of the domain (as expected). However, there is no significant
evidence of net migration effects taking place for the range of examined particle sizes. This
indicates that system wide net thermophoretic effects, unlike to what has been reported in
the literature so far, are either insignificant or stochastic from the mechanistic point of view of

the system and for the size of nanoparticles examined.

Summary/Conclusions: A mechanistic MDS analysis of system wide net thermophoretic
effects on NP of different sizes suspended in a liquid domain with a temperature gradient is
performed. Unlike to what has been reported in the literature, system wise thermophoretic
effects appear to be either insignificant or non-directional. Moreover, the global penetrability
of NP in the cold/hot sides of the domain seems to increase with increasing NP size.
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