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Fig. 1. Sketch of the solid wall structure.
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Fig. 8. Velocity distributions due to different values of

awr = 9.68, 13.69, 16.77, 19.36, 21.65.
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Table 1. The linear fit velocity profiles, slip velo-

city and slip length with respect to different ayr .

Ay LA IR TR WAL WK
13.69 vy = 0.19362 — 0.0009  0.0951  0.4912
16.77 vy = 0.1864z — 0.0036  0.2004  1.0751
19.36 vy = 0.17782 + 0.0044 0.3374  1.8976
21.65 vy = 0.1691z + 0.0002  0.4637  2.7422
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Fig. 9. Slip velocity versus ays -
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Fig. 11. The density profiles for different ayr values and

for no slip condition.
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Abstract

The understanding of fluid slip over a hydrophobic surface is of great importance for reducing the drag for
fluid flows. Dissipative particle dynamics (DPD) is used to investigate the mechanism of fluid slip at the solid-
fluid interface in microchannels. A wall model adopting three layers of frozen particles is proposed for DPD
simulation. In addition, a modified bounce-forward reflection is proposed to reintroduce fluid particles back into
the fluid region when they “penetrate” into the wall region in the calculation due to the soft potential
employed. Then the Couette flow is simulated by using the proposed wall model. The simulation results show
that the no-slip or slip of the fluid at the wall can be achieved by adjusting parameter ayr. The parameter a,f
represents the interaction between wall particles and liquid particles. Our simulation results show that the
distributions of the velocity, density, temperature and shear stress compare well with the corresponding
analytical solutions with awf = 9.68, and there is no fluctuation of the fluid density near the wall. This
indicates that the no-slip is obtained, and hence the wall is hydrophilic. With ayr > 9.68, the wall becomes
hydrophobic and the fluid can slip at the wall. The wall becomes more hydrophobic with larger ays, and the
stronger hydrophobicity leads to greater slip. The slip velocity and slip length can be used to describe the fluid
slip. According to the Navier slip boundary model, the slip velocity and slip length are determined by fitting a
straight line (linear fitting) to the velocity profile in the central portion of the channel. The results show that
the slip velocity or the slip length is a quadratic function of the parameter ays, namely, the slip velocity or the
slip length is a quadratic function of the contact angle. A physical mechanism of the fluid slip over hydrophobic
surfaces is also proposed. The density profile is uniform for the no-slip condition, but there is a layer of low
density fluid near the wall when the fluid can slip at the wall surface. This low density region can disrupt the

momentum transfer between the wall and the fluid, which induces the fluid slip at the wall surface.

Keywords: dissipative particle dynamics, hydrophobic surfaces, slip, low density region
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