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Geometric structure of exponential distribution in
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Abstract: Quantifying the geometric structure of packing particles is of great value for
understanding the macroscopic mechanical properties of particle systems. In this paper, Cell was
utilized to measure the geometric structure of disk particles in a two-dimensional silo. The
probability distribution of Cell shapes satisfied the exponential function distribution and was
independent of the system size. Furthermore, it was observed that under the condition of vibration
driving, the triangular-shaped Cell had a surge, and the formation probability increased by 19%,
while the probability distribution of the rest shapes of Cell still satisfied the exponential function
distribution. The experimental results reveal the structural characteristics of ordered packing in
disordered particle system at intermediate scale, and provide references for perfecting the theory of

particle mechanics.
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Fig. 2 Particle characterization
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Fig.3 The structure characteristics of a particle system
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Fig. 4 Probability distribution of cell shapes with different silo size and the change of the fitting parameter b

2.3 HREHXE B BB SRR R

R T RFE IR HEFR G (R 52, 15
TR IR S BT IR . fF I IR %
710 Hz. JNEEEE R 6.7 m/s” (954 R, 35 cmx
30 cm ) 4k fA 6 P HERUBORL AR R 3 B A2 Ak

86.0
8551 | oooo ©4% o o o
| ° BTV
85.0 Q?Oooo © !
2 : o :
& o} F2% BTt '
28451 71 K :
ﬁ : :
N i
K 84.0 :
¥ . i
83514 1 :
8300 et 17t ,
82.50

PRBNE]/s
(a) FRBh AR P AR B AR fL T B

0 5 10 15 20 25 30

205 T BT SR BT T RCE 3 AN
Br, Wk 5(a) s . R85 R R SRR
FEAET T 3% LA, REIT 85.7%, X FHR
Bl R HE RS BN % . 1B S(b) MERE Y
BOMERUSURL Cell TR AR MIMER 31, FTLLE

10°

v RS
4 fRshjm

InP (n)=2.97-1.121n

q
1071 1P (n)=1.75-1.078n

2 4 6 8 10 12
n

() JEAIBTG Cell TR AHEAR /3 A1

B 5 fRehxd Mk SRR R0

Fig.5 Influence of vibration on structural characteristics of particles



« 72 .

EVE

IR h 5 HERUBURE () Cell TR R A E LA
T TR R R AL, HA IR a0 = MAIE M Cell B9 H
MR K T 29 19%, 1 HABTE AR Cell (1 H
PR B E R T, XA SRS A
B ARACTE DU BXTR . SRIMEAS B, B
M =ML Cell, RHAH/N T4 T
AT IIA, MAERZENT 5%, EHART
Cell JEAR IR AT AR TSR SR A8 ER B i o X
— G IER T NIRRT, BRI R G
T AR

A

2

=A

3

W T ARG FRSIA IO — 4Bkl R 5t
ERRATA R AR B R2 R o e 0[5 5 A A — A
AN Cell A%, A BT HERUBURLE) Cell JE
ARTE R IERR BT o PR, A
RGROTZMT, Cell EARBIMEZR A1 U5 25185 12
RRREUME, JFHBEE R rsEm, e
FE b B ETHEH, X UCHBORIME R 2 4t v
vi, HERRGEHRRRE MRS BEE &R Y
B, PG R R BTREES, X UK ER
ARG R, A RRE TR . EYRS)
WEh &N, RIEM=MAIER Cell B H BAE
KUK T 19%, EHABEENZ, HAERE
Cell FIBER AT A HEEREOIME . SLHEER
{878 T TOFP OB AR GE A ROBE 251 A P
SERIRAIE, D 5esE Tl A R RS F AT
THAREME TS HH

B 3CHk -

[1] JAEGER H M, NAGEL S R, BEHRINGER R P. Gran-
ular solids, liquids, and gases[J]. Reviews of Modern
Physics, 1996, 68(4): 1259 — 1273.

YANG H, ZHANG B F, LI R, et al. Particle dynamics
in avalanche flow of irregular sand particles in the

(2]

slumping regime of a rotating drum[J]. Powder Tech-
nology, 2017, 311: 439 — 448.

(3] BliHpA, XUaF AL, FURi B (1)[I]. 28, 2004, 33(9):

629 — 635
(4] BlAY, XI2FA. Bk (F)[I]. 34, 2004, 33(10)
713 - 721.

[5] KRISHNA BV, VENUGOPAL P, RAO K P. Analysis

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

of deformation during simultaneous plastic deforma-
tion of dissimilar powder metallurgical preforms[J].
Powder Technology, 2004, 146(1/2): 137 — 146.
LIUY Y, ZHANG D L, DAI B B, et al. Experimental
study on vertical stress distribution underneath granu-
lar silos[J]. Powder Technology, 2021, 381: 601 — 610.
TOORANI M H, LAKIS A A. Shear deformation in
dynamic analysis of anisotropic laminated open cyl-
indrical shells filled with or subjected to a flowing flu-
id[J]. Computer Methods in Applied Mechanics and
Engineering, 2001, 190(37/38): 4929 — 4966.
S ORI R 22 52 24 8 12747 A IESE D). A AE:
HERARR R, 2013.
IR, SAHE, ThoksR. 22T Delaunay = £ 4342 %
Voronoi B 5.3 [J]. 1HEHLR FH, 2010, 30(1): 75 -
77,97.
MEYER S, SONG C M, JIN Y L, et al. Jamming in
two-dimensional packings[J]. Physica A:Statistical
Mechanics and its Applications, 2010, 389(22): 5137 —
5144.
ZHAO S W, EVANS T M, ZHOU X W. Three-dimen-
sional Voronoi analysis of monodisperse ellipsoids dur-
ing triaxial shear[J]. Powder Technology, 2018, 323:
323 —336.
BAULE A, MORONE F, HERRMANN H J, et al. Ed-
wards statistical mechanics for jammed granular mat-
ter[J]. Reviews of Modern Physics, 2018, 90(1):
015006.
MATSUSHIMA T, BLUMENFELD R. Fundamental
structural characteristics of planar granular assemblies:
self-organization and scaling away friction and initial
state[J]. Physical Review E, 2017, 95(3): 032905.
MATSUSHIMA T, BLUMENFELD R. Universal
structural characteristics of planar granular packs[J].
Physical Review Letters, 2014, 112(9): 098003.
SUN X L, KOB W, BLUMENFELD R, et al. Friction-
controlled entropy-stability competition in granular sys-
tems[J]. Physical Review Letters, 2020, 125(26):
268005.
NIELSEN 1J. Pressures from flowing granular solids in
silos[J]. Philosophical Transactions of the Royal Soci-
ety A:Mathematical, Physical and Engineering Sci-
ences, 1998, 356(1747): 2667 — 2684.
VI, TR ICR, W2 . JE T 2 4005 U 330125 7 7
RORLEERLIE A sl 8755058 (0], TR e S HOR,
2021, 65(3): 15— 18.
R, e, XN, 45, Z AR R i B iR
WORL U 7 ¥ (7). B 5 Tl Rz 4l F AR R,
2020, 42(6): 710 — 720.
MARKOVIC D, GROS C. Power laws and self-organ-
ized criticality in theory and nature[J]. Physics Reports,
2014, 536(2): 41 — 74.

(G ZEIHEAT)


http://dx.doi.org/10.1103/RevModPhys.68.1259
http://dx.doi.org/10.1103/RevModPhys.68.1259
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.3321/j.issn:0379-4148.2004.09.002
http://dx.doi.org/10.3321/j.issn:0379-4148.2004.10.003
http://dx.doi.org/10.1016/j.powtec.2020.11.066
http://dx.doi.org/10.1016/j.physa.2010.07.030
http://dx.doi.org/10.1016/j.physa.2010.07.030
http://dx.doi.org/10.1016/j.powtec.2017.10.023
http://dx.doi.org/10.1103/RevModPhys.90.015006
http://dx.doi.org/10.1103/PhysRevE.95.032905
http://dx.doi.org/10.1103/PhysRevLett.112.098003
http://dx.doi.org/10.1103/PhysRevLett.125.268005
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1016/j.physrep.2013.11.002
http://dx.doi.org/10.1103/RevModPhys.68.1259
http://dx.doi.org/10.1103/RevModPhys.68.1259
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.3321/j.issn:0379-4148.2004.09.002
http://dx.doi.org/10.3321/j.issn:0379-4148.2004.10.003
http://dx.doi.org/10.1103/RevModPhys.68.1259
http://dx.doi.org/10.1103/RevModPhys.68.1259
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.1016/j.powtec.2017.01.064
http://dx.doi.org/10.3321/j.issn:0379-4148.2004.09.002
http://dx.doi.org/10.3321/j.issn:0379-4148.2004.10.003
http://dx.doi.org/10.1016/j.powtec.2020.11.066
http://dx.doi.org/10.1016/j.physa.2010.07.030
http://dx.doi.org/10.1016/j.physa.2010.07.030
http://dx.doi.org/10.1016/j.powtec.2017.10.023
http://dx.doi.org/10.1103/RevModPhys.90.015006
http://dx.doi.org/10.1103/PhysRevE.95.032905
http://dx.doi.org/10.1103/PhysRevLett.112.098003
http://dx.doi.org/10.1103/PhysRevLett.125.268005
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1016/j.physrep.2013.11.002
http://dx.doi.org/10.1016/j.powtec.2020.11.066
http://dx.doi.org/10.1016/j.physa.2010.07.030
http://dx.doi.org/10.1016/j.physa.2010.07.030
http://dx.doi.org/10.1016/j.powtec.2017.10.023
http://dx.doi.org/10.1103/RevModPhys.90.015006
http://dx.doi.org/10.1103/PhysRevE.95.032905
http://dx.doi.org/10.1103/PhysRevLett.112.098003
http://dx.doi.org/10.1103/PhysRevLett.125.268005
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1098/rsta.1998.0292
http://dx.doi.org/10.1016/j.physrep.2013.11.002

	引　言
	1 实　验
	1.1 实验装置
	1.2 图像法和Cell构建

	2 结果与讨论
	2.1 Cell分布
	2.2 尺寸效应
	2.3 振动对圆盘颗粒结构特性的影响

	3 结　论
	参考文献

