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We investigated the dependence of the solid-liquid friction coefficient on the aspect ratio of the computational domain

for a nano-scale Couette-type flow by using non-equilibrium molecular dynamics simulations. Although we adopted the

periodic boundary condition, the friction coefficient became significantly smaller when the cross-sectional area normal

to the velocity gradient was reduced. From the probability function of the area density of the first adsorption layer, it was

shown that the distribution was largely distorted from normal distribution and that resulted in the cell-size dependence

of the friction coefficient. The cell-size dependence was further investigated through the analysis of the molecular

structure in the first adsorption layer in the Fourier space.
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Fig. 1 Bird-eye view of the simulation systems of argon liquid confined
between parallel solid walls. Periodic boundary conditions were
adopted in surface-tangential directions of x and y, and effects of
aspect ratio was examined in systems with different cell size in the x-
direction / between 3.13 and 18.8 nm shown in the left and right,
respectively.

Table 1 Calculation parameters.

Onrar [NM)] Onrw [Nm] & [N/m]
0.34 0.345 46.8
enar[l] enw[J] req [nm]
1.67x1072 1.55x1072! 0.277
Iy [nm] I, [nm] [ [nm]
3.13-18.8 3.13 104
ma k] m [kg]
6.634x10720 32.39x1072
# of argon molecules  # of wall molecules
1600-9600 1792-10752
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Fig.2 (Left) time-averaged distributions of density p (black solid line)
and velocity along the x direction vx (red dots) for a wall velocity
vs = 10 m/s with & = 3.13 nm, and (right) enlarged view with a
snapshot near the wall.
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Fig.3 Dependence of solid-liquid friction coefficient A, and 4, on
the cell size in the shear direction [, where A, and A, are
obtained in systems with their walls slidingin x and y directions,
respectively.
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Fig.4 Dependence of the probability function of the area number density
of the 1st layer on the cell size L.
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Fig. 5 Dependence of slip velocity (red dots) and friction coefficient
(black dots) on the area number density of the 1st adsorption
layer.
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(a) Snapshots of the molecules in the first adsorption layer at different
area number density p29%, and time averaged structures in the
Fourier space (b) with fixed coordinate, and (c) ones synchronized
with rotating in the plane.
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