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1- Particulate Materials
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2- Consolidation

1- Aspect Ratio



St AL S ods 35 s sl 655 0
Lol 5 cosll FLisl Jtal 8l 4 e oS il alS
(S5, 3y sy 534S Gl J= 5 pl 33 8
@3 gmad g 557 G o3 |y (i slalas Ll by
S pm Azl 3 caBly Jialirub\s O Jas Bt
sl s g $5 St Gladls 4 S 5 oS
;\deuswow&f@&w\‘dﬁ
Vo oo U S ol 5 S b 3l 505
S 3l Slysan (VA4Y) = Ol 5 (s s slaasl L
S35 e sladils Sl K slaes 55 3505 0 Ol
JJ|):4_<>:J_<L74(,.AJ'\ e glaS ol sll el
s il LT e 3 g s O3 s
B} 4-2’3[.: u:...ﬁls Lﬁkj}.k_v k.)'l‘ OJ‘J\J\ ‘j:.r-u-' DL adsls &L.C«)
S Wl e iall sslas Slels JIKal b e b sl
sl S-S 8 5 S-S ol o slate Sl
IS 55 8 e il s U ol o Ve
S (g 5 i Ol oSe) il o e ¥

()

@

Sl s bl IS 32 ald slge e Ll lu
Ja:l_w‘ﬂ cr:_<>u“ A_Lrja LSL@‘)J ol ML\J\ )“}A
Talge el S 5 el L) Juls ale, 580
Silwand 5l sdiel Csas @L:J Sl aS sy = s
FLi 28 15 s 250 A s Jo b
L sl S5 b i sl o515 b o sl s 3L
Y USE 5 Sy w dsb il slaci b pladls

RG] eJuiaJ‘wa
ol 3l a8 s e OLAS el pl el oo Au1580 5l e
il Bl Gy 25 5 e adls gles o
slye il oS gl s cusll CL&J)\ ol el el plas
J;L&Lad\sdfaﬁmizjd}jadb);.nﬁ&
LSl 4 S e o34 sline 55,5 sladils 31l
Al om aS  ilies slas S Lad gladls
Mo)‘h\jﬁ.;b&ucﬁ}&kjjbckﬁir
ol ol bals 6,8 Cgr O Lyl s s
ﬁij’;w..s)}a.k..: J@‘Cﬁjg}ba)‘x‘)ﬁéﬁw

ZL;:LZ.F) q,&\gduuwl 6}\’ duuﬂ ‘5|J._tr:SaJ4.l>Ja ‘_;Lq.ﬁ‘)aj..a')l:i\.w—"‘}g
£ 57 (@ X (D)) ()

3- Interlocking
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1- Packing Structure
2- Material Solid Fraction



*/AE

*/AY

0345 J.A\>u;>u
=

A7

oV

\ Y

Y 2

o35 5 baoladl pley oyl

ge on g dalr s b el &l 05 g K glaks Ol FOLL &S LOWI ple) o b o alal,) ¥ S

Lilaals (lo o)) (69,5 laoldl a8 ool s (al?n}\
N4V (s 8LS 5 0,8 80 LK 5 02 SSY)
(1884 (518

oaliul L (ode (3lwand 3o,k 51 (1444) (6 S
Laals 5 ng wpoy 5o Slallas guass Jhe S
plamil sl 51z oK slse (sl S5 (555 5
5 S «Slo s saoldl B Je (5l s sl
o mly SaS 4 slopls 8 slaolell 5 eslanal 1S
ot 45 313 0L (Sileaed ol gl s S Sl s
Sl (55,5 sl 51 Ss T lalt sy iy a8, !
e (pl 03 58 (A Al Qb el ey Soslin
G 53 Gl 0 (695 dlse S meS iAe 3 Y L
Sy sl 1SS 1 ) i andllas Sl
Silwas Go b 3l sk 1z e slpe  Salus
oledd esls JLESY  ISKE s a5 4l v,§>=5 slaes 5
ES sy Jom e 55U asllas pl 53 5,8 bl
53 Laails &S i g Gl Sl 2 e 53 Laails
5 Laalls it o dails v 650 sk
DB s s S 350 s o ladls B 5 (63 5ee
RO
ol o (b o3 eng Ml S iS5 dnw $
53 s 1555 035 Malr ity Sl o

awslie 53) (59,5 slge 0545 oS sls OLES 3l 4o 4l -

1- Quadric Function
2- Elongated Particles
3- Particle Track
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2- Bulk Scale

3- Particle Scale

4- Convergent

5- Funnel

6- Plug Flow Region
7- Mass Flow
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1- Transition Zone
2- Core Flow Zone
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1- Shear Band
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Abstract

Particle discharge from a flat bottom hopper has been performed employing a Discrete Element
Model with Multi-sphere particles. A flat bottom hopper of 100cm width has been prepared using 3-
dimensional particles in a vertical layer. Particulate assemblies comprising 5000 particles of equal
volume but different aspect ratios ranging from 1 to 4 have been created using some non-overlapping
spheres in order to investigate the effect of particle shape on bed structure and flow characteristics of
particles. The particles all generated and deposited in an upper section with almost the same hight and
flow started by removing the orifice. The results showed a distribution of solid fraction within each
bed, with the closest distribution to the normal distribution for the beds of elongated particles. The
localised densely packed areas have been separated by voids caused by bridging of particles in the
beds. Simulation results on silo discharge showed that the behaviour of beds of spherical particles was
quite different from that of non-spherical particles. Spherical particles moved individually during flow
and rolled over each other, resulting in a lower resistance to shear with a fluid-like flow, whereas
elongated particles exhibited a stronger shear due to interlocking between particles, resulting in a flow,
like a breaking continuum. This unique behaviour of spherical particles caused a higher flow rate than
non-spherical particles. The formation of arching has been also simulated by the DE model. A
qualitative correlation between the frequency of arching and aspect ratio has been recognised. More
arching occurred as the aspect ratio of particles increased. Due to this behaviour of non spherical
particles their observed flow rate was less than that of spherical particles. It can therefore be concluded
that the results obtained from the DEM models with spherical particles cannot be generalised to real
material comprising.non-spherical particles.
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