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Simulation study on interaction between spheres moving quasistatically in
granular bed

YOSHIOKA, NAOKI
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The purpose of this study is to investigate forces applied to large
particles in a granular bed and to reveal features of "granular solvent™ compared with normal
fluids. In this study, as limited situations, we investigate forces on two disks/spheres propelling
in granular beds quasistatically at a constant speed using numerical simulations.

IT the motions of disks are perpendicular to their line of centers, we find that force on each disk
changes monotonically with increasing their distance. Especially, we investigate that there exists a
distance such that the functional form of the force becomes largest.

Meanwhile, if the motions of disks/spheres are parallel to their line of centers, we find that the

forces on disks/spheres sometimes behave such as them in so-called Stokes fluids.
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(3D, only the granular particles in a center thin layer are drawn)

7:

front — rear
F X = F, X

Stokes

v - 0

0
(F,>0)
1
F,f‘rom e Fgronl —@— /W
25 F;em' Q F;em' A /, .
55 _Fiinglc b1 F;inglc - ",’W
e=0.7, LID=1.5 :
CSANENE
10
5 L
0+
5 Ll . L el
0.01 0.1 1
V
8:2
Fi F;
1
2 FX FXsingIe
9 G )
Stokes
A (L/D)
Fsingle (
X

v )
FXfront - FXrear = A FXsingIe

AN L/D
25 — — 25 - —
e=0.7,LID=1.5 e=0.7, LID=3.0 ®
ol Ao o @ | » Ao o |
= e 5 R S
gEr:( s | A" A=0.6 ® | Q‘r{f s | AR A=0.6 R N
£ ) 10 | 4 4] g ’ 10 1
= - S #
5| « 5 1
0 L L 0 L
0 10 G50 30 0 10 G5 e 25 30
F g F)Sr g
9:2
single -
F, Fsm L/D=
1.5( ), 3.0(C)
3
v 10
Ffront > [ rear F front
inal X X X
~ single
Fy
Stokes
2 v - 0 0
(F,>0)

front — single
Fz - Fz



<Force>

<Pst Fx>

120

100

80 [

60

40

20

T T
Single; Fx +~—+—

L=15.0 Ant; Fx +—x—
Fz —8—

Pst; Fx
Fz

0 0.1 0.2 03 0.4 05 06 07 08 09
Drag Velocity

10: 3
FX FZ
1
Ant Pst
3 FXfront FXrear
11 3
Ffront Fsingle
X X
11 2 9
Stokes
Frear = A Ffront
X X
L/D = 3.0, 2.5, 2.0, 1.5
A (L/D) Ffrom
fitting
Stokes
Stokes 3
100 T T T T T
Stokes L=11.28 ——
o[ 2552 ]
80 - 37.62 —— T
70 | L =30.0 ]
25.0
60 I 200 e 1
150 4
50 1 100 = T
40 E
30 | B
20 1
10 |+ 1
0 1 1 1 1 1
0 20 40 60 80 100 120
<Ant Fx>
11: 2
Fx FXSingIe
D =10 Stokes L
A (L/D) L/D=3.0, 2.5,

2.0, 1.5

Akiyuki Kuwabara, Naoki Yoshioka,
Takashi Shimada, and Nobuyasu Ito,
Drag force on two disks moving in a
granular bed, Journal of Physics:
Conference Series, , vol. 751,
012018, (2016)

DOI: 10.1088/1742-6596/750/1/012018

21
vol.
21 pp. 103-106 (2015)
http://traffic.phys.cs.is.nagoya-u.
ac. jp/~mstf/pdf/mstf2015-25.pdf

72
2017 3 17 20
Akiyuki Kuwabara, Naoki Yoshioka,
Takashi Shimada, and Nobuyasu Ito,

Drag force on Two Disks Moving in a
Granular Bed, The 29" Annual CSP
Workshop, (The Center for
Simulational Physics, The University
of Georgia, Athens, USA, Feb. 22-26,
2016)

Akiyuki Kuwabara, Naoki Yoshioka,
Takashi Shimada, and Nobuyasu Ito,
Drag force on two disks moving in a
two-dimensional granular bed, 2™
Funabashi Workshop on * Deformation

and Fracture Dynamics” , (Nihon
University, Funabashi, Japan, Feb.
15-16, 2016)
21
2015
12 10 11
2
2015

2015 9 16 19



o

@

®

*

YOSHIOKA, Naoki

10548209

SHIMADA, Takashi

90431791

ITO, Nobuyasu

70211745



