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Motion of particles with non-uniform mass distribution in channel flow
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Particle-laden flows are frequently seen in many natural phenomenon and industrial plants such as debris flows, sediment
transportations, mixing tanks and fluidized reactors. Most of them contain particles not only with a uniform density
distribution but also with non-uniform one. In this paper, we here investigated how the behavior of uniform and non-
uniform particles changes in the channel flow by using immersed boundary method. As a result, it was found that the
equilibrium position is shifted toward the wall for non-uniform density particles. It is also found that the effect of gravity

further shifts the particle toward the wall.
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Fig.1 Schematic of the immersed boundary.
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Fig.2 A spherical particle with a non-uniform density distribution.
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Fig.3 Non-uniform mass distribution in channel flow.
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Tab. 1 Computational condition

Domainsize Ly X Ly, X L, 30Xx6X%X6
Grid points 480 X 96 X 96
Particle diameter d,, 1.0
. . Pp
Density ratio — 1.0
Pr
Number of marker points N, 806
Kinematic viscosity v 1.0 x 1073
Re 200
Ga 0,50

Ft-, HESEMHE T 11TRT. Ga (HYLA) #iE UTITE
ITHTEZRLS-.

_ 3

Ga = (pp pf> dp |2<g| (8)
Pr v

xAMIZ50, y AEIZS0 &E LTENENGTE LT Reld, Fr 4

JVBEFADTITTRL VEH LI-ETHS. d, [T HFETH

Y, 10 & L1

4.2 #EAEH
Fig2 {OR RO, (x,y,2) = (0,4.5,0) &705 X 51k
FE AN

4.3 BR&H
x FENIFERBRERSAE, y FANZITiE 0 78 LS 2 -,

5. FE#ER

T —RRR-OPLOI % Fig. 4 (ORT. RO Ga=0 %5
LTRY, HFN x HH~D Ga=50 DE, BEM y Ha~0
Ga=50 DA %7 LTV 5. J.-P.Matas, J. F. Morris, and E. Guazzelli®
OFFEzE D L, y/H D072 ~EENIERT 5133 THY, 4l
DOFHETIE, FHRREZEN 1% ORERNME DN, Fi2, HEEFE—
ERRLT-OHLORIIRE Fig. 5 1R Figd LRERIZ, HREH Ga=0
HFRLTEY, HFEMNx HHAD Ga=50 DEFE, By Hh~
D Ga=50 DA %EF LT\,

0.75 T T

unif:arm(GaO) —
uniform(GaS50 to X)) se—
uniform(GaS0 to Y) e—
0.745 - —

0.74 - R

y/H

0735 b

0.73 - .

0.725 ! . . .
x/H

Fig4 Trajectory of the center of a uniform density particle
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Fig.5 Trajectory of the center of a non-uniform density particle
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