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The two-phase lattice Boltzmann method is applied to motion of a particle in U-curved

square pipe flows. On the wall with curvature, we use a no-slip boundary condition for a

rounded wall, which is based on the interpolation and extrapolation techniques by using

the velocities at near-wall lattice points. In order to examine the validity and accuracy of

the method, tangential annular flow in gap between two coaxial cylinders is calculated,

and the error analysis is performed for various lattice resolutions. Using this method, two-

phase flows containing a particle in a U-curved square pipe are simulated. The results

show that the particle released from various initial positions laterally migrates toward an

equilibrium position between the centerline of the pipe and the inner or outer wall. Also,

the particle released from the same initial position migrates to respective equilibrium

positions according to Reynolds numbers.

Key Words: Lattice Boltzmann Method, U-Curved Square Pipe Flows, Solid—Fluid

Two-Phase Flows, Dean Vortex
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Fig.1 Rounded wall boundary: O, regular lattice point; ®,
boundary lattice point; X, lattice point used for calculation

of derivatives of macroscopic variables. (2 is the fluid region.

Fig.2 Definition of near-wall lattice points.
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Fig.3 Computational domain of tangential annular flow in

gap between two coaxial cylinders.
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Fig.4 Circumferential velocity profile of the tangential an-

nular flow at Re = 80: O, calculated results; —, exact solu-
tion.
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Fig.5 Error norms of the calculated results with the present

boundary condition at Re = 80.
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Fig. 6 Computational domain of curved square pipe flow:

(a) overall view; (b) cross-sectional view.
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(c) zbo/W =0.25

Fig.7 Motion of a particle released from various initial po-
sitions at Re = 12: top view (left); right-side view (right).

The solid line indicates trajectory of the particle.
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Fig. 8 Trajectories of the centroid of the particle released

from various initial positions at Re = 12. O and X indicate
the initial and equilibrium positions, respectively: (a) on z’'—

s plane; (b) on 3’2z’ plane.
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Fig.9 Velocity vectors of fluid flow without particle for 6§ =
90° at Re = 12.
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(d) Re = 123

Fig. 10 Motion of a particle released from the same initial
position at various Reynolds numbers: top view (left); right-
side view (right). The solid line indicates trajectory of the

particle.
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Fig. 11 Trajectories of the centroid of the particle released
from the same initial position at various Reynolds numbers:
O and X indicate initial and equilibrium positions, respec-

tively: (a) on z'—s plane; (b) on y'—2’ plane.
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Fig. 12 Equilibrium positions of the centroid of the
particle at various Reynolds numbers: [0, zi0/W =

—0.25; A, zlo/W =0; O, 20,/W = 0.25.
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