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TRANSPORT ANALYSIS OF A SINGLE SOLID PARTICLE IN A THREE-DIMENSIONAL

T-SHAPED SQUARE PIPE BY THE IMMERSED BOUNDARY-IMPROVED LATTICE
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Hanfu BAI, Masato YOSHINO and Kosuke SUZUKI

An immersed boundary—improved lattice kinetic scheme is applied to numerical simu-
lations of fluid flows with a single solid particle in a three-dimensional T-shaped square
pipe. In this study, we extend the method to a three-dimensional formulation, while in
the previous study by Yoshino et al. [Trans. Jpn. Soc. Comput. Meth. Eng., 16 (2016),
pp- 31-36 (in Japanese)] it was formulated for two-dimensional problems. In addition,
the method is validated through three-dimensional simulations of the sedimentation of a
sphere. Using the present method, we investigate the motion of a single solid particle in a
T-shaped square pipe by changing three important parameters, i.e., the initial position of
the particle, the pressure difference between two outlets, and the Reynolds number. As a
result, we obtain bifurcation diagrams of the particle transport for these parameters. In
particular, we can find a characteristic regime where the particle is trapped by the vor-
tex around the junction of the square pipe, which was not observed in two-dimensional
simulations.
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Shaped Square Pipe, Particle Separation

(0 380-8553 L OOOO 4-17-1, E-mail: 16w4039h@shinshu-u.ac.jp)
(O 380-8553 O OOOO 4-17-1, E-mail: masato@shinshu-u.ac.jp)
(0 380-8553 O OOOO 4-17-1, E-mail: kosuzuki@shinshu-u.ac.jp)

1. 0000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000TOO0
000000000000000000000000000
ooooodY ®WopooooooOoOOO0OOOOO0
00000000000000000000TO00000
000000000000 000000000000000
0000000000D0000000
TOODODODO0DO0OODO0OO0OOO0O0OO0D0O00D000000000
0000000000000000000000000000

20170 90 15000020170 100 31000

Doooooooooooooooooooooooo ©®
OOnamuroetal. 000000000000 O0DO0O0 Q0
0000000000000 00O0TOO000O000000
000000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000
000000000000 000000000000000
000000000000 0-000000000 Immersed
Boundary-Lattice Boltzmann Method, IB-LBMO O 0O O O
0000000000000 00000000000000
000000000000000000000000000
000000000000000000000000000
0 MpooooDoooO000O00O0C0OO0O00O0OODOOdO
00 Poisson 000000000000000000O000



ooooooolBMO® ODODOOOOOODOODOOOO
®)0pDLBMOODOOOOO Lattice Kinetic Scheme'90 O
O0LKSOOOOOOOODOODOOOOODOOO0OO0oOO
0ooLKSWDoOoooooOooOooODO0O0O0O0OO00O000
000000000000 000O000O00OO0O0oOoo
000000000000000000000000 TOO
000oO000oO0O0oO0oooooooooo ®ooooo
00000000000000000000000000
TOODODODO0OODOOOO0OO0O00O0000000000000
000000000000000000000000000
0000000000000 000000000

2. 0000
2.1. 00O0O00O0-00 LKS

000000000 TOOODOODOOOOO0OO0O0O0000O
000000000000000000000000-00
LKS® 0oooooOo0o00o0O0000oO0ooooodO
00000000000000000000 2009000
0000300 15000000000000000000
ooooooooo00 ®ooooooooooooooo
000000000000000000005000000
000000000000000000000000000
0000000000000 000000
2.2. 00000

0000000000000000000000000
000000000000 0000000000000nono
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000 10
000000000000 000000000000000
0000000000000 0000Suzuki & Inamuro(*?
J000O000DO0D0O0O Lagrangian points approximation O [
oooooooooooooo Poooooooo
2.3. 000000000

0000000000O0O00O0O00O F,O0OOOOOO
OO0O0OFengetal® 000000000000 000O0
oooooo

BCX@XQ|}%()2(XPXW>
¢ | Xp — X
Fy = X, - Xu|<R+¢, (1)

0 | Xp = Xw|> R+,

ooooXxX,000000000X,.O00O0O0OOO0OBODOO
oo0o0oooOO0O0O00oOOoROOOOOODOCOOODOO
goooooooooboooooooboobooooooboo
oooooooooooooooooooooagaooood
(=2A20 Az0000000000

3. 000O0O0oODO00
goooooooboobooboobooboobOoobobo
goboooobooooodoboboobooooooboooooon

D, =15 mnﬂ

160 mm

120 mm

e 100 mm

I 100 mm |

Fig. 1 The domain of computation for a sphere falling in
a closed box. The sphere is driven by a constant gravity

acceleration ag.

Table 1 Fluid properties in simulations.

Re  p¢ [kg/m3]  pux10% [Ns/m?]

Case 1 1.5 970 373
Case 2 4.1 965 212
Case 3 11.6 962 113
Case 4 32.2 960 98
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Fig.2 Comparisons of the present results with experimental
results by ten Cate et al.(1%): (a) the time variations of the
gap L between the sphere and the bottom of the domain ;

(b) the time variations of the velocity of the sphere u.
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Fig. 3 Computational domain of a three-dimensional T-

shaped square pipe: (a) overall view; (b) initial positions

of a single particle at the inlet.

O0O0O0Ohnlet00O0O0O0O0OCOOCOOOOOODOOCODODODO
0000000000000 0000000Outlet 10000
gooocOoOooOoutlet20000000000OCO0ODOOO

Fig. 4 [Initial streamlines for AP = 0 at Re = 100 viewed
from (a) z = +00; (b) y = +o0.
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Fig. 5 Trajectories of a single particle from various initial
positions in the z’-direction for AP = 0 at Re = 100 viewed
from (a) z = +o0; (b) y = +o0.
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Fig. 6 Trajectories of a single particle from various initial
positions in the y’-direction for AP = 0 at Re = 100 viewed

from z = +o0.
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Fig.7 Calculated results classified by the outlet which the

particle reaches for various initial positions with AP =0 in
the case of Re = 100.

(2)

Fig.8 Initial streamlines for various non-dimensional pres-
sure differences AP at Re = 100 viewed from z = +o0:
(a) AP =0; (b) AP =1.982; (c) AP =2.973.
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Fig. 9 Trajectories of a single particle from various initial
positions in the case of Re = 100 viewed from z = +o00:
(a) AP =0; (b) AP = 1.982; (c) AP = 2.973.
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Fig.10 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.

(2)

Fig.11 Initial streamlines for various Reynolds numbers Re
at AP = 0 viewed from z = +o00: (a) Re = 100; (b) Re =
300; (c) Re = 500.
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Fig. 12 Trajectories of a single particle from various initial
positions in the case of AP = 0 viewed from z = +oo:
(a) Re =100; (b) Re = 300; (c) Re = 500.
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Fig.13 Calculated results classified by the outlet which the
particle reaches for various Reynolds numbers Re and initial

positions 3’ /H in the case of AP = 0.
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