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NUMERICAL SIMULATION OF FLUID FLOWS WITH A SOLID PARTICLE IN A T-SHAPED

PIPE BY THE IMMERSED BOUNDARY-IMPROVED LATTICE KINETIC SCHEME
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Masato YOSHINO, Hanfu BAI and Kosuke SUZUKI

An immersed boundary—improved lattice kinetic scheme is formulated for numerical sim-
ulations of fluid flows with a solid particle in a T-shaped pipe. The improved lattice
kinetic scheme is an extended version of the lattice Boltzmann method and is more accu-
rate and stable than the single relaxation time-lattice Boltzmann method. In this study,
we combine the improved lattice kinetic scheme with the multi direct forcing method,
which enforces the no-slip boundary condition accurately by determining the body force
iteratively. In addition, the present method includes a collision technique in which a
repulsive force occurs when the gap between a particle and a wall is lower than a given
threshold. By using the present method, we simulate fluid flows with a circular cylinder
in a two-dimensional T-shaped pipe and investigate the effects of the initial position of
the cylinder, the pressure difference between two outlets, and the ratio of the diameter of
the cylinder to the width of the pipe.
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Fig.1 Lateral migrations from different initial positions of

a particle in Poiseuille flow at Re = 69.39 with D/H = 0.25.
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Fig. 2 Computational domain of a two-dimensional T-
shaped pipe: (a) overall view; (b) initial positions of a
single particle: A : (z/,y) = (0.5H, 0.8H); O : (2, ') =
(0.5H, 0.5H); O : (2', /') = (0.5H, 0.2H).
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Fig.3 Streamlines for various non-dimensional pressure dif-
ferences AP at Re = 100: (a) AP = 0; (b) AP = 0.713;
(c) AP = 0.891.
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Fig.5 Calculated results classified by the outlet which the
particle reaches for various non-dimensional pressure differ-
ences AP and initial positions y’'/H in the case of Re = 100
and D/H = 0.20.
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Fig.6 Calculated results classified by the outlet which the

particle reaches for various non-dimensional pressure differ-

ences AP and the ratios D/H of the particle diameter to the

pipe width in the case of Re = 100. The initial position of

the particle is (z', ') = (0.5H, 0.5H).
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