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THERMOPHORESIS OF WATER DROPLETS IN CARBON NANOTUBES?

Wang Yufei Zhang Chengya Wang Jun? Xia Guodong
(School of Mechanical and Energy Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract The thermophoresis of water droplets in carbon nanotubes is studied by using molecular dynamics (MD)
simulations. Owing to the temperature gradient in the carbon nanotubes, the water droplets can move along the axial
direction from high to low temperature. However, it is difficulty to calculate the thermophoretic forces on water droplets
in carbon nanotubes owing to the Brownian motion of water droplets, and the mechanism of thermophoresis still unclear.
In this paper, by imposing a harmonic force to the water droplet, the thermophoretic force acting on the water droplet can
be obtained based on the balance between the thermophoretic force and the harmonic force. The results indicate that as
the number of water molecules of the water droplets increases, the interaction energy between the water droplets and
carbon nanotubes gradually strengthens, and the thermophoretic force increases. As the diameter of carbon nanotubes
gradually increases, the thermophoretic force also increases due to the increase in the number of water molecules per unit

area. As the solid-liquid bonding strength increases, the van der Waals potential energy experienced by water droplets
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increases, enhancing the thermophoretic effect. As the system temperature increases, water molecules are more likely to
overcome the potential barrier at the solid-liquid interface and detach from the interface, leading to enhanced interfacial
hydrophobicity and a corresponding reduction in the thermophoretic effect. In addition, applying an external axial electric
field to the system, as the electric field strength increases the thermophoretic effect significantly enhances, and the
direction of the dipole vectors of the water molecules gradually be the same as the direction of electric field. The solid-
liquid interfacial tension shows a gradual decreasing trend with increasing temperature gradient, so the influence of
droplet interfacial tension on the thermophoretic force can be neglected. This paper reveals the thermophoresis

mechanism of water droplets in the carbon nanotubes, which helps to understand the thermophoresis phenomenon at the

solid-liquid interface in nano-confined structures.
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Fig. 1 MD simulation model of nano water droplet in carbon nanotubes
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Table 1 LJ potential parameters

Atom pair o/nm £/(4.184 kJ-mol ™)
0-0 0.316 6 0.207 5
H-H 0 0
C-0 3.19 0.126 2
C-H 0 0
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different chiral carbon nanotubes with temperature gradient
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Fig. 8 The effect of thermophoretic force in axial electric fields
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