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Molecular Dynamics-Continuum Hybrid Simulation of Water

Transport through Carbon Nanotube Membranes
A. Kudaikulov,' A. Kaltayev,' C. Josserand,’
' Al-Farabi Kazakh National University, Department of Mechanics, Almaty, Kazakhstan
? Sorbonne Universites, Institut D’ Alembert, CNRS and UPMC UMR 7190, 4 place Jussieu, 75005
Paris, France

Abstract:

Nanotechnology holds great potential in advanc-
ing water and wastewater treatment to improve
treatment efficiency as well as to augment water
supply through safe use of unconventional water
sources. Various types of nanomaterials, such as
nanoadsorbents, nanometals, nanomembranes,
and photocatalysts, have been utilized in water
treatment applications. However, the prediction
of the fluid mass flow rate and heat transfer in
nanoscale systems presents a major barrier to
their design. The existence of non-continuum
effects, such as molecular layering and velocity
slip near to liquid—solid interfaces, seemingly
precludes efficient continuum computational flu-
id dynamics (CFD). On the other hand, more
accurate molecular dynamics (MD) simulations
can be extremely costly in terms of the computa-
tional resources they require. In this paper we
used the molecular dynamics-continuum hybrid
simulation to investigate the water transport
through carbon nanotube (CNT) membranes
(Figure 1). We present a procedure for using
molecular dynamics (MD) simulations to provide
essential fluid and interface properties for subse-
quent use in computational fluid dynamics
(CFD) calculations of nanoscale fluid flows.
Comparison with full-scale MD simulations
demonstrate that these enhanced CFD simula-
tions providing good flow field results in a range
of complex geometries at the nanoscale.
Keywords: computational fluid dynamics, mo-
lecular dynamics, hybrid methods, carbon nano-
tube membranes, non-continuum effects, molecu-
lar layer, slip flow.
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Figure 1: Carbon nanotube membranes (CNT).
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