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Simulation and Analysis of the Discharge Flow of Persian Lilac Fruit using Discrete Element Method
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ABSTRACT

Discrete element method has been identified as a suitable method for studying the flow of granular materials.
In this research, the motion of Persian lilac fruit was initially investigated experimentally in a slopped hopper
and then it was simulated using discrete element method. The experiments were carried out on the basis of
factorial design with two factors of height and discharge area, each at four levels. The ANOVA tests indicated
that the height of the fruits in the hopper and the surface area of the discharge and their interaction had a
significant effect on the outflow of the fruits. The developed regression equation between the mass flow rate
and discharge area and the interaction of discharge area and height was linear (R? = 0.99), however, height of
the fruits in the hopper had a negative impact on the discharge rate. The simulation results indicated that and
the outlet size, the discharge flow and the output velocity increase, but they did not exactly follow the fluid
flow relationships. The effect of fruits friction showed that the discharge rate increased with decreasing internal
friction. In general, comparing the simulation results with laboratory tests showed that the discrete element
method was well able to simulate the flow of particles within and through the hopper.
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2- Discrete Element Method



CJ.' Q}"") 090 ‘_g‘).' (W) ‘_gj..fo)L.b‘ ul.~.o5.»a.‘> )J\)LQ.A 2007)
Sl o ols Lid (V) Jaaz jo gk ol jo eolaiwl 5,50

VAR liwso ) oF o Lo Y 0590 oyl g prmawgus (widgeo  FAA

Jsere laghy, b Sluogas nl (ol a5 09 (yguly

(Razavi & Akbari, w83 )18 6,505l 5,50 2Kl

O 3w a9 (PEE 03T () 53 ouds ool Fli 9% 0ga0 Sleoguas Sl -) Jguzr

. Jge o _ s e SSkes .
- Sl Sl Ll Sy sls s s
o3 i ke el (g/cm?) (g/cm?) < Cug S
(Mpa) (mm)
<Y VAR <\ AR N/NAl +/f44 ARVAR A «/1aY wil..n

3O O e Al Coluw g e Bl Y g YO Y O
o951 sl eolaiwl b g oo (5l YV g Y VY VA mhaws o>
@S9y 2 S A e elar Bl b b p e
S evalie gl w85 18 b)) 9see (e Lawgie
00 Ky alides Ky g0 | oyl o 30 (9,0 laasls 5 >
oolazwl b g wad By ) (y35ve (9,0 Y Y O s 4y g Aol
Ll ol as old baails o85> 51 Jleoms Gmjge ol
A lio di Gl gile 4l o basly oS5 > Consg

Ol g po ComBoo SO A Cod alad jo 0 ) > (6)
(Fn) Jloy 5955 adlge 90 4 Wlgi oo 00 Jlasl (5925 003 o0
Y JS2) 905 4525 (F) (wloe (59509 5

Fn

Ft

LT cm (G930 Caidg g 410 98 (ot CoprBgo Y S

o3ls lis (V) S 4 a5 s basiabes] bl ol
o3l 550 5 oi 4l (T S i 5l Cenl oud
adbhie o alize olol jo booyioe diged cpl 285 I8
b (g5 wlos ogh oo oolitnl aty (5918 slp Glonind,
3 e e AL -l piie Job g e (il £l e
Wl b e B YL 5l Jeame ol ool a8 5 s
Jyaze gy 9 loj cilas 9,5 5L Lol aBu ) oud (asiie
M 35 o0, Lawgin (205 65 o3l L o )0 oud alss

20,5 dla (g/5)
T Sz o Jyazma glis] Jole 90 556 s cnl o

WS’ Lol (9 b Y50 (2955 S5 A

P aenS pledl (b9, b (J5il,S slse oS 1> (g5l Al 5o
Gg00,S CS > wo b wled 0] g1 pu g0 a4 Conl oyl 5
p90 9B 5l oolaunl b oS oo 0)ly HoliiS g 9,08 K0S
b cod 4y aliod y2 )0 Tpa @y 00)ly 9lidS 5 950 g
Wigd oo e (V) 5 (V) Ly,

25

Fy(t) = m; d;tlz(t) O\ akyl))
Zei

Ti(t) = 1,250 (¥ aba)

aS el o)f) (..\JLA )jl.wf) &5“))""‘ uLo.n Il 9 P> m;
a5l5 9(X) Comdgo cud B 4 (V) 9 (V) Joil s dolas g0 J>



P e ogme (02955 by BT 9 (g3l Al spuile (5 Juiid g gl

6old, baly gilwancs axs 0 g ool dawlxe SV

Qi‘ le)_'?‘ 6‘)-.’ ‘5>Lo) rnlf C)‘}f" ABS o uL“*-’ Lso[cﬁ.é
Lietal,) ol 05) cpesd (Vo) abal, 5l oolawl b gjlwans

(2005
_ TR B
r= 0.1631v+0.8766\/;

(Ve adaly)

Sbs a8 Oliee wil (g0 p (L3 Jooe 5 Bz Ol
PRSPPI SN IR ) 7l b G Rl PR VAPV EIN
Sualzl Jolay cels § 090> (g5l Al

Pl a2 ]
ooz 50 &l ogR) Jyame (02 (20 oeib)ly 45
b aS ols lis Jeaz (pl oy ol 0als ools yLis (V)
Fle Sl g 0o y0 S mhaw ;0 Jgaze glis)l g (g5 alas
23,5 o e sayx (90 Hl0Ee sy il s o gl
2 8 sy ege 2l ooz (20 ke (1) UK
odalive a5 jshailen aas o lis Wl slagls )l 5 baslas
ghe 25U Jy whee RIP b3 Ojge 4 Loy gy
Cowdy soools jloslainl badl oo glas )l 36 51 ey L&
g 4 ailes mhaw g gl )l coym 90 G sk abal) ol
o] Cawds (V) alal,
(O abf)

m =0.0079A — 0.0061H + 0.0004AX H R?=99.91 %

o> 0 bz ales mhaw aS daae lis dal) ol

e s alaly gl elas )l Jg o)ls g as alayl,
ol 8L bl coll (g5 maw aSlS g0 40 opl ples el
o @ als pl oS o oy ielS g5 lade glas)
Ohgo gl mliel LU con basly L3l SKlas! !l
b g glas,)l blate 3l as asae ol adayl,y e 0,5 o
ol 58l s ols (295 29 2 peies U g9y5 wlas
aS aadge Hlas JYaiul cpl s ol 4 mhaw 536 o5l
Sl o el el (25,5 @0 Sz GBI U8 0
w5 gyl bl pI s a4 asl o0g glas )l 4y bgsse
sosls o YL cds L (V) akaly a> 31 .ol 74,5 alas
& (Se) (IS Condg lois (g ouds (3ln (2R
To> wlas whaw 5 ¢ P (49,0 &l gl)| 53U Co ] (29>

(Al et 235 oo aruloee i alal) L (FN) Jboy (5555
al., 2011)
F, = gE*«/Fa,% (¢ abal)
Jobes gless BT (Jolee b Jsie E* YU alal, o
s dwloee BB (0) 5 (F) Laly, b sy 4 a5 s

1 _ ) (1)

E* E; Ej (F akal))
101 1
®oR TR (0 alayly)

09l S « SO Jgo o 5 4 Ry g Ricvjevi<EjeE
.Mww)oﬁ'@'bﬁmjgiwﬁuj
109 o0 damlina () alasly b (Fp) (sl (59,0
F, = —S,6; (# adaly)
9 oboe Sligon oS5 4 S 5 6 alal) (pl o a5
() aaly b osloo e jMde il o olos ik
23,5 o dlxe
s, = 86" /RS, (¥ alasl)
oloe 950 el Jolbao (B Joie G alaily l 5o
ts o] o 45 el o sgame UFynalsS SISl Lawg
05 30 i | Slaol HglisS el Soiti] STSlaol (g o
]t LB (A) bl b aies o3 5 g2 b oS 5
(A akaly)
oledl 9o Jolaws glels R« ciile SKlasl g o pty a5

FA PN
T, =1 = —Ur R 0

Sl (o 1352 Sy a2y 0 Brer g uled 5
35 990 () alaly slp & g 0gee () (il STl
(Aietal, 2011) wi 5 .Sojlul () ala, 51 a8 ol
Uy = % A adaly)
oS EDEM 3l 5 51 ool b S oylall (6 5lodpns
el win 5 sl dihie 5wty Sl LS
(Discrete Element Method 1,5,5 solatwl cuwl arws
s jd Olasein ol Solutions Ltd, Edinburgh, England)
o 0ols 33l o5y e olal 5 () Jslaz) ails SlSe
soka 1y ails jo Coedan (V) 9 (V) S¥olas (goae Jo U 38l 0
PO @209 (T9y Sy bl (nl g el (glalad
o9y boads ;53 S¥olee (goue o 40 0l dewle b (2
Sy Caal 51158 e 5 4 oo 0ols ¥ Slej o5 Jlaie DEM
2 S om oley Aol jlade (Glej a5l lo )95
Gl sl g sl ol (g )lade a5 ol 5l ancd jo Sl
Silo dd 2Bl SoeS Gl pl5 ST 09h e I8l e 5
an b S a5l i (Slej el S5 08 aales (SYsb

2- Time Step

1-Friction torque



D¢ oalauwl dwnS

VAR liwso ) oF o louds Y 0590 oyl g prmwgus (widgee Voo

@l o GLas Wlgs o |y g alamd ol ysd 5 oms o L
Ll il as 5l aS ol p3Y (glalisd SlniS oy

0% &0 owilbylg 4 G -Y Jgue

Oeils
Slay yo

é},o.?.us 4?)\)

&l ygdome sol3l

va.vf £y

e VEOAY YEPYH
LYY V- f.®

\Y

VEY-a) Y
YYAY Y
Y5 a

FHEY) c]a.»
yares £li)
e i

OF- vy s
VOOYAY fY Js

Q0,0 0 g a0 ) Jlsio! mbaw o 5l Sme OIS Cad 5 ag o g e

e ol YPRCPREH IR Y WHTSRL R B b PP PR S VR S PH P
i Sl YPRCPRE- VR  PE TN P SYPRC PR W {2PH T

(kg/s) o
u]
1
1
1
1

0.3 P

0.2 - .D——-""D—_—_-D

10 15

20 25
(cm) gy

30 35

T9y> 4l iliso zohw 50 eIl (o0, (29 ek -V SIS

348 S lgiee Egezme )0 NS (o8 S9Pu (5 eS lid
e L (808 0L, SO ol baadls <8 > 1 s (3%
g ge ()i daug ;0 0yi S JSas el oS 0y s 05252
Ol 0 > JE abadily (555 5085 e (Rl L G
Dgdion has Ghadie 0l S 4 (A5 plate
T 50 o 00l (il A (0 (20 jlaie () S
OLES o logal g2 23 g0 (LA ilids slaglis )l g oo )0
@ Jy ol Al oy gy alas Ll L oS aas o
e pSTas ol 55l e (02 (08 bies GBI 002
CS > 099 3 Lundy (nl oo 8 gy e 5 AL
5SS go b mhaw az e 5wl e Gl (F S0 43
To o o Sl S Y5k (Jg (i po5 ShalS 050 cnl wily
Sads 0,90 (| ed oo ads y3e B adly palS Cal 4

Gy aS audl o Bl eails Jhgise &S > 090 o 20 ralS

00l (53w danld (2955 b 2 (w12
el slp o sl adss pla 1, I3 b2 o8N (F) Ut
Slasliv Gly e yogile YV ales L s oole Y
slealazd 15 (0) Gile 4t 5 (W) il sla >g,5
CS > a5 0gd 0 odalin JSG pl jo ams o lis i
Gilw acs g Gmlis..il,oﬂ slcdls o 35 g, sbaasls
oledl gy s oo lid a5 aiyle aline LS (5,L8; cus
Al ) O35 (950 sladils oS > )18 aniles g9t atwnS
a s s o aims oo lis by IS a5 jebs Lo wyles (55l
Coand ald 2 CoaBae (50 o g 0050 eSS adils ey
50 o a5 15 slaails Yool 0,5 oo ) 3laails Lo 4
Al it (ol Gladily 4 Cad G Pm e OS> 35
oS SBhol Lds 4 (350 4 onmz 5 jslne o baails |

@05)I05L (55 (nl b Cod W lioe S92 diny g o]



Yo o) eame (02955 by BT 9 (g3l Al spuile (5 pdid g 5l

5 (ke U slo S5 L) laasls G 5l a8 sl S5l Sl
),..al.a Cod ‘) CBJD- )L\Mj OO; .))‘3 )i...xS; » s (_gl.bul.n)
oads gl il bawgie coy> o0 polie duslie e o )8 ]
e g yho Gloj )3 (28 (50313 (1,5 SIS 13 (y9) laloges ol
@p@ob(aﬂl@@wlom@‘job‘jpd)}]%
5 &g, aS ol lad (7 JSs) ‘_,’_ali.i.%uﬂ slosls 5l oasl Cussy
s S35 (ot sl o3l g 00 (g3l i a5 e

Lo 3900 & 4z b 0iS o Jsbo 46 F b aus 390 oiles plos
o ol O glo JS8) e U5 ialsél a5 g s oanlis
aaly by bl (o0 (20 p (Shz 136 G 090 (0 g
o5 dmdee iS00S b la S ol dslie ) cllae (1))
ol Jy b (oo Gl Blge (2gy3 (00 ke gl Sl L
Al bl ad 4 M3 o5 shailes 5 Cens 3k plar SRl
&9 0 6ol Ollug da jlages jo.cul glas )l g 2,5 ailas hilas

Sglite oy Jdo 4 Sllug opl 898 o0 ssaliv (9>

138l ey bouds (3bw anc polai (& wiulojT 4o oo dnd b e (W) dlizo sl jo Lld LS o Coumsg -F JSCi

A oo oylid alizee slaglasl jo (7) S sle logad annlin
Al oo srolS asls g5 S loy GBS L Ao o a5
05 bl SBlasl 9,0 4z S1E8 > @ 89,8 5l o 12
Sib s Gl Bl (Seslus oails sl slog i Jlie ;5 5 990 o
ASe byt s 4 lealls piie 550 5l soldke
adss 31 4l 4w ,0 a5 amaae olis bloged uioren
oy ;o Sl (plais o lay (rels Guly (g5 Sy
CS > g oad JB e Sl Caand Lo, a5 daoge
S5 o Sz G I mhaw 59, 2 Godes laails
as by las I8l e sl oad angs @led nslal SESS (w2
9y 2 579> Alas SLbl s als wr alss (Ll o (B

Tor 4 j3 ) 00l (le aned Zeep e (F) SO

L logas ams e ol calises (slaglis)l 5 ooy 53 (3% |
Gl (29,3 S gy ailad IBIL &S aaas e Las
s a5 oty Vs 53 4 sl I o ol S oo Iy
bl gays alas ojlail 9025 oo )18 Jlow lis )| 156 o
ogins (l8 a3 SV & by o Ll 51 g 0,05 e
Cod S > olge ol j0 0,8 eolaul Jgil 3 olge S > (6l
(s SBlasl (& 5550 alexr I Alide slagys 36
5 WS o d)ly @ Slge nl a5 slalaxd 5593 5 slag
g Gl el 05 (00 )18 (3P ity g Ll e ST
dly mals bl il zg > ailes (ud S5 b g eogr o lojl

Wed oo Tl i 5l i Copn bl Wil a4l yo g



ol &ils 25,5 5 ails ES > (gl poi 050

VAR liwso ) oF o Lo Y 0590 oyl g prmwgus (owidgeo VoY

Elge aisSil o Wgd b 7y g onile BL ot mlaw

a, a,
Y Y
% %
% 5
Q <
E; 2
04 —O0— 18 4lax
-0 =21 4l
2 03 —o— 24 «las 3
3 — A - 27 Ao 4’
S 0.2 }
I <
B o1 Ej
0
10 20 30 40 50 60 0 10 20 30 40 50
(s) 4stas Glaj (s) 4aldd Ola)
) @
o gl ¥o (3) .o sl YO (g) - yio sibus Yo (09) -yt iiles 18 (1) :glog i yf b citkicko (sloilo 40 o (5 5kw dund b 52 (90 —0 JSs
250 200
—O— 18 ailan —O— 18 4laa
200 -0 = 21 4l 150 -0 - 21 alay
ES —o— 24 4las ES —@— 24 las
g 150 3 —A— 27 e
4 4 100
o 100 g
Q =
T o 2 50
£ £
0 0 H
10 20 30 0 5 10 15 20
(s) o5 (s) O
(<) (N
300 300
—O— 18 4lan
250 3 250
y 200 1 200
3 150 o 150
3 100 < 100
W €
0
E 0

()

@)
o sl Yo (8) .o gl YO (&) - yio gl Yo (0) - yio il 18 () 1 sog i )| b idideo sLeglo} 3 oo (53w dud (52 9,5 at puw —F S



Vo¥ o) oame (02955 bz 3BT 9 (g3l dudh spuile (5 Judid g 5l

2 e Sl 51330 0 5 Jags ould g ol b 0350 (39,0
@S ol o w3l (oo 0% 09y sladils ol sle
T 20 gers 4l mhue LIBIL (le 4l I Jol>
Nl Lly,; 51l Jg anl oo Gl (295 S s
ST (99 S (9,0 S5 2 Sl 53 9 S b oS
asbe eaijlozl slag s U Cou g AU e sbaails
slaasls Hlasd g ladad o955 (59,0 ‘L,;L&b Slasl

558 s )8 Hgle
D515 3929 i 5 (s 2SLo (5105 AigKrn

REFERENCES

Abbaspour Fard, M., Emadi, H. & Khojasteh Pour, M.
(2009). Investigation of the effect grain shape on
substrate structure and flow characteristics of silos
using numerical simulations by discrete element
method (DEM). Journal of Agricultural Science
and Natural Resources, 15(6), 233-242. (In Farsi).

Ai, J., Chen, J. F., Rotter, J.M. & Ooi, J. Y. (2011).
Assessment of rolling resistance models in
discrete element simulations. Journal of Powder
Technology, 206(3), 269-282.

Balevicius, R., Kacianauskas, R., Mroz, Z. &
Sielamowicz, 1. (2010). Analysis and DEM
simulation of granular material flow patterns in
hopper models of different shapes. Advanced
Power Technology, 22(2), 226-235.

Casandroiu, T. & Mieila, C. (2010). Theoretical
development of a mathematical model to evaluate
gravimetrical flow rate of seeds through orifices.
University Politehnica of Bucharest (UPB)
Scientific Bulletin:  Series: D, Mechanical
Engineering, 72(4), 269-280.

Chang, C. S. & Converse. H. H. (1988). Flow rates of
wheat and sorghum through horizontal orifices.
American society of Agricultural and Biological
Engineers, 31(1), 300-304.

Crowford, N. C., Nagle, N., Sievers, D. A. & Stickel, J.
J. (2016). The effects of physical and chemical
preprocessing on the flo ability of corn stover.
Biomass and Bioenergy, 85, 126-134.

Ghobadian, B. & Rahimi, H. (2004). Biofuels-past,
present and future perspective. In International
Iran and Russian Congress of Agricultural and
Natural Science. Shahre-Kord University, Shahre
Kord, Iran. (In Farsi)

Gonzales-Montellano, C., Ayuga, F. & Ooi, J. Y.
(2011). Discrete element modelling of grain flow
in a planar silo: influence of simulation
parameters. Granular Matter, 13(2), 149-158.

Li, Y., Xu, Y. & Thornton, C. (2005). A comparison of

@ o Sl e egee (295 Gl SRegh crl 5o
S el 9y Sl odlinsl b 5 oy (22T 50
oo s aliulejl (quyp s 8,5 )15 (g5l arnds 950
Ok xSl ;U (2 ales mhw g els)) &S
gl 5 (e b3 Sl s (33 el )] Jg wls Jgame
A6 5o cnl Bl Jl g cute (o Sl s (33 (29
ool 4y pola . (RZ=0.99) canl coiie a3 il lys om0
3 Ol S Py ladils oS ol (las 18l e Lags
St ) i Lawg 4o by &l sy 4S5 jokay 08 o oloxy]
Gy &5 > 5l oad a8 5 sl el 5 Bl slaails

discrete element simulations and experiments for
sand piles composed of spherical particles.
Powder Technology, 160(3), 219-228.

Mabrouk, R. Chaouki, J. & Guy, C. (2008). Wall surface
effects on particle-wall friction factor in upward
gas-solid flows. Powder Technology, 186(1), 80-
88.

Mohammadi, A., Ghazanfari Moghaddam, A. &
Noorbakhsh, Sh. (2016). Modeling the path of the
flow of peeled and unpeeled bitter olives from a
hopper. Journal of Agricultural Engineering,
16(1), 95-105. (In Farsi)

Nedderman, R. M. (1985). The flow of granular
materials through orifices. Particle Technology,
91, 281-294.

Razavi, M. & Akbari, R. (2007). Biophysical properties
of agricultural products and food stuffs. Ferdowsi
University Press, Mashhad. (In Farsi).

Rong, G. Negi, S. C., & Jofriet, J. C. (1995). Simulation
of the flow behavior of bulk solids in bins, Part 1:
Model development and validation. Journal of
Agricultural Engineering Research, 62(4), 247-
256.

Sadeghi, M. & Salehpour Scoie, F. (2012).
Development of numerical model of motion of
spherical granular materials under vibration and
investigation of the effect of vibration acceleration
on particle flow based on discrete element method
(DEM). In: 12" Iranian Manufacturing
Engineering Conference, 6-8 Jan 2009. (In Farsi)

Tao, H., Zhong, W. & Jin, B. (2014). Flow behavior of
non-spherical particle flowing in hopper. Journal
of Frontiers in Energy, 8(3), 315-321.

Zarandi, M. & Ghazanfari, A. (2011). Chemical peeling
of bitter olives using sodium hydroxide. In: 1%
National Conference on Mechanization and
Modern Technologies in Agriculture. 27-29th
Feb., Ahvaz. (In Farsi)



