Chinese Physical Society

ISR Acta Physica Sinica

€D Institute of Physics, CAS

BRI B A B /NS 31T AR EEDITR

A BEXL X¥E HILH Raphael Blumenfeld

Numerical simulation of a spinning sphere moving in granular matter

Cheng Qi Ran Xian-Wen Liu Ping Tang Wen-Hui Raphael Blumenfeld

5| {5 & Citation: Acta Physica Sinica, 67, 014702 (2018) DOI: 10.7498/aps.20171459

TE£E [ View online: http://dx.doi.org/10.7498/aps.67.20171459
23N %¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/11

AR RRA B E =
Articles you may be interested in

T B ORL AR R AR AT N A BT T
Numerical study on acoustic behavior of two-dimensional granular system
PP 22 H%.2017, 66(23): 234501  http://dx.doi.org/10.7498/aps.66.234501

— LR 7S T AR AR B Fh PN AR AR S AT SIS
The topological phase transition and the tunable interface states in granular crystal
Y 2ER.2017, 66(22): 224502  http://dx.doi.org/10.7498/aps.66.224502

THEOREHERR I ) R R R R AR G
Lattice model for pressure problems in two-dimensional granular columns
PP 22 H%.2017, 66(20): 204501  http://dx.doi.org/10.7498/aps.66.204501

LR S RURLIT IR A A Ry 5270 b
Non-equilibrium thermodynamic analysis of quasi-static granular flows
PP 2242014, 63(3): 034702  http://dx.doi.org/10.7498/aps.63.034702

TRVURL Y Y 285 3 3 S A T it 3 o e o R ME S5 A BT 9T
Inner structure of granular pile during its quasi-static avalanches and slow flows
PP 22 4%.2014, 63(1): 014703  http://dx.doi.org/10.7498/aps.63.014703



) 32 % % Acta Phys. Sin. Vol. 67, No. 1 (2018) 014702

B0 R 7 5 e NERAE 1T S B B A R

D mEXUT 2ED FHxEYT Raphael Blumenfeld)?

1) (B B R R BE 2 LR 7L, K7 410073)
2) (BINFK R SGHVFSee s, SI%F  CB30OHE, 3H)

(2017 4F 6 A 26 HUZEI; 2017 4£ 10 A 12 HURFME R )

FEX KRBV AE YD 7 (IS 3T N, DAERIEMIAR AW FE0S 5, M 3 4k & Hoc U IR ¥ LIGGGHTS
AN T i e 3z s O BORL P 5 b BRI A B A0 T /T BEAT DS, 58 B0 AT 1 e B DA K R [R]
JEE 5 2 S R R A R RS, WF T4 SRR BRI 5 0K A 5T 6% JE DR 18] 1) B 4% 2 B LA S BRI A 1)
% Ff T B BRI AR 1R 38 3 W S S, R AR MR R IE S &, 8 A BEBOR ) 3 Bl A .
A R LR MR 1 IR A IR B AR R SRR

KR WkY)R, HjiE, LIGGGHTS, KHE- bl

PACS: 47.57.Ge, 45.70.-n, 83.10.Pp, 83.10.Rs

1 5 7

VF2 Tl AP /s, 407 dh o P B AR
P U4 BLR = izt 0 S, #I R BIBRLA T R
gish 1%, RN, BORLY R Gt 80 /7 5 o2 A4
ANTFIRFPEATORL 23125 1790 LR RSO I OO Tl
fifl. BOKIYI R R G h 122 AT N AR B ok, W k2 T
RFNER, B0 FC R e 2500 FLAR 1) i AT ]
AL, B TERURA) A4 28 BRI (K138 3 Kotk &
2 14T A RS W VR 22 B AR e % 14
K. ZE RS2 IS R E VARG, W
28 7 SR AR i 7= 0 o RS 420 58 (¥ b ok Fl b A 2
A0 T =100 T A 4R T DO DL R v i A
zliiper

AR, DR AT At B VD b5 £ VDB 5 B 9
AR VAR D v 3 3 i) 74 1) R 9% B 27 KA %
FEUTI) R xhZ n EAT T 2 IR AL, U
FURLY Jot B b MURTRL ) 52 N 7K T BB 4 1
b g RO DL UKL 5 R SR A A 3 ) T

* [E PR KR AT (S ZK16-03-01) % B E.

T #EE#E. BE-mail: ranxianwen@163.com
1 WE/E#. E-mail: wenhuitang@163.com

© 2018 HEHIEFS Chinese Physical Society

DOTI: 10.7498/aps.67.20171459

51 R R 0 5 e 15,22 -26) A S gk IR SR, ik
LYk kNI PR Ak | IWARSE /L uNiubeemipy Y
J55 UL B A ()R B 26 UTAR 0%, IX e 55 SR 45 A X T
FEEATT VD S T 9 N D A DA R D AeT £E VD -
IR T AR, (Hax b 48 R SR Tovk fd ke
KB 5 (Phrynocephalus mystaceus) 1138 51T
.5 H ALY JE B AN (R O B i e
At (A R BNAN L Bl S AR UK S AR I Vb (1) 38 5))
TE B JE BV - 1 ik, 3k T S B N VD1 A .
Bt A A $E B )/, FRATT CABRTE W A Rl Tt &,
KBS BT kAT 7 BARRR AL, 3R1F T e kg
Tt/ BEE s AR B, FELE TR I IR 30 A0 3 AR R
MBI AR A 71 SR, KT 3h 1] A, ik =
ARSRENET I

AR FH 25 [ 2 T S 56 5 O ) = 4 B
JUREF LIGGGHTS P81 X6 ki 5 3 e [ BRI
YD AR B T B0R) /B 1) @EASE B ) AT T AR
BARTTC T s FE L R T PR R RS R B M ks
BNIEZ.

http:/ /wulixb.iphy.ac.cn

014702-1



¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 014702

2 B E
2.1 FREHEE/ERERE

HRARL P RORE 2 18] A EL AR SR 22 47D Hertz
R, A RDRRER AR 2] U] 1 7R, Hertz L
TR R 2 A P P A SDRE 22 1] ) A ELAE F feT A
RIURE 2 18] R D) 150 77 (B PEASJORE AR o RO £8) AT
161 7 (BIVE $2 oo o5 2 EL TR TT 1), SR S R A
SR EL A F R S0 53, R 3 R oRAS SO AR
I FERURAE.

oinvm'le

=T

Bl 1 URCIAIAE ELAE ) Hertz B528Y (a) vAIMIAH ELAEH;
(b) VIAH AR

Fig. 1. The Hertz model for the interactions of par-
ticles: (a) The normal interaction; (b) the tangential

interaction.
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Fig. 2. The normal overlapped quantity of two particles.
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Table 1. Related args used in the simulation.

LA B R 05m x 1m x 1.3m
HEJERARL 42 0.01 m
ANERIR 0.61 m
INEREAR 0.06 m
MR 107 Pa
PEHE R EL BLJRAORL 2 7] 0.45
LA 0.25
I [) 254 1073 s
I 2500 kg/m3
AL FE I ) 50 s
X T2 BOBURL R GEM 5, N BURL G 23 A1 A2

SEABENLTC RN Y, PR To i A AR R —H, 1%

014702-2



¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 014702

R HEZ RN A BOBORE R 4. FERLAVL AT, S8R
TR B AR R SR, B ANZ 3% 7 BEALAE
JRBURLAR JE Vi N, A2 7 2 N IE GRS BURL, 45 A2 AR
AL 25 1) L R AURE I U5 LE A At 9 Jm B TR 2%
GUrEE IR T s L W KIS TR, DA O A
ARG BBl RERS E FE BRI BUE T B Y. TS 7E
B AR BINER, L/ INER DAL € 33 12 3h B Bk 2
gt A SRR RIURL P 4, Al A /NER A BORL R G FEE L )
MIPEF T b, B2 RS SRR e TR BRI
(VI BB Y, OIS, P2 R PR AR 2R At e A T 2
ITRGHTTUIBRL R Gt 1 3 R, BUEREAD
R 0B Bl A S AR AUORURL 1) ) S 1 AT 4R 1
I HAEA BRI T LR IR

Z

L

K3 EJhIRE R R 5

Fig. 3. The granular system after gravity-relaxation.
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Fig. 5. The motion of sphere in the Z direction.
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Abstract

Recently, how the desert lizards run, hide or swim in the sand has attracted much attention of many scientists in
granular matter field, and many valuable results have been published, except for the Phrynocephalus mystaceus, a type of
the desert lizard, which can embeds itself into the sand through a motion mode which is completely different from other
types of desert lizards. To illuminate the roles played by the spinning-mode in the Phrynocephalus mystaceus’ motion in
the sand, the three-dimentional (3D) numerical simulation using the Hertz model on the system, in which one sphere is
spinning in the granular matter, is carried out with the open-source code LIGGGHTS released by the Sandia National
Laboratory in USA. In the numerical simulations for all the cases, the initial conditions are the same and the sphere
spins around X-axis while the X-Y plane is the horizontal plan and the Z axis is the vertical direction. According to
the numerical results and analyses, for the spinning sphere deeply embedded in the granular matter we can draw some
conclusions. 1) The X-axis spinning motion can cause the sphere embedded in the granular to notably displace along
the Z-axis and Y-axis, but the displacement along the spinning direction is smaller than the sphere diameter. 2) The
friction coefficient u between the sphere and the granular matter has a notable influence on the motion of the sphere in
granular matter, the spinning sphere can move vertically and horizontally only when the friction coefficient 1 between
the sphere and the granular matter is larger than that of the granular matter; and the bigger the p, the more violent the
movement of the sphere is. This can be used to explain why most of the desert creatures each have a coarse skin. 3) On
the premise that the friction coefficient pubetween the sphere and the granular matter is larger than that of the granular
matter, the spinning velocity of the sphere also has a great influence on the movement of the sphere in the granular
matter. In a spinning velocity range between 10 rad/s and 640 rad/s, the larger the w, the more obvious the movement
of the sphere is. When the spinning velocity reaches 1280 rad/s, the movement of the sphere slightly decreases compared
with when the spinning velocity is 640 rad/s. 4) For the spining sphere in granular matter, the sphere always moves
upward in the Z direction, but in the Y direction the sphere may move in a positive or negative direction depending on
the w and p. The sphere moves in the positive direction of Y axis if the w and p are relatively small, while it moves in

the negative direction if the w and p are larger.

Keywords: granular matter, spin, LIGGGHTS, Phrynocephalus mystaceus
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