{ 0 \ FY-0L o/ VEr+ b/ VA 0)los [TY A/ 55,0liS (yommwljuilSn g Wrilolus Coliging

- https://www.amsr.areeo.ac.ir :alswe Colw
RAMS AERI

S8 ) Sl 31 IS (ol B T2 L3 g S (D150

r@@x oo e 9 *vé:@ b ‘1gg“'°‘3 Sle=>

ol zils (ol iuiz g pyle amly cpingn Sl wdige 09,5 slwl 5 Lol wl 46,25 ggmnils i S i Ay =Y g ¥ )
Syl elyes (oMol 8131
VYRUMY 2o pmdy Fu b AYAUYNY el o 4u,b

oS>

31 = Wy el 1 a3l (! (55,9liS Y gmiatmo (g 5lmwlan (55,9l iS 13 b0 A1 )8 51 SO
Ay Camand (YL 035U 1,13 ¢ p5o0liw ©lles 5 jolss g5luwlin gl opioS gyt i ogMe & Cowl b sds,
Colw g (55w o o lyb Guaiind (il 51 Bud (Gl (o g Cowd L (gjlwlian 0ibo) gilwhis b gy mlw
L oyl jomdiio iy !l oyl pmiis 5 S oS 51 4dUS g5lmlin jotiio dm oy (2la3y) 9 (Sl (g jlwlin al&iuwd
O 90 39lumiw (6 5lwdnnsd (CFD) OV (Swoliyd Jidos yg, 4 s ANSYS FLUIN 38l 5 ;1 a3liiu!
9 =10 SOLID WORKS 13810 5 3 a3liiaw! o alicwd o 31 (et wimol Camwd dm (g5awlin loasily 9 ©8)§
,.2»‘"/0 37/0 c\/D)‘,..b C;&)_wc]a_wd_m)b 2wd t:fLi)‘)'9£.5).L“"\W& S syl g sl Oi 3.,)9! 3.:9».:
gt B v GBI 8,5 O jgmio g Aty o (Ao jd Vo Vo E0 N0 Ae) Cgby b guimy 45 9 (4l jm
31 239y LS Cdilopr gl 59, 0 (g5 05laml Jmols Lincugby s oLl g olpmiisj J5 (gl5a] s 6 s wlus]
A o1y oyl olwd bl gt o ealiww! 1S5 w3 (Bdlaal ol 7 b CIB 45 o ,e86 iyl SO
Ot y=ioS g (dmoyd M) Udlro asili jmy yio ¥/0 i i 9 dmi0 3 T o Cumighyy 45 0lcurd Wil (5o O piibint
A oy ket At S35 Yot 5 (Wm0 ) 1Y) (Golane dpili j 5o V/0 Sk ymir 5 Mo yd Av Cugby 43 0lRid 035U
o d A Jslme diill jm 3o ¥/0 ey 53 1 010id 3 )Sas 1y sidd 45 39 45810 35 13 8IKwd (5 jlwdnnd
Al oo

Sl ol
8lwd (g 5lwaad (s s g  0lBU o yd ( ( Solad Juloei g lulas 0330

Bl o 1y Jgmame ol Sz odg jlas e A donio
odg las,s A g b Lilwl jpaS gansls iSativus Crocus L. ——ole sl Lo ), e}

VA ;o Jyere jobo an ooy o plie ( Slox LS id a NS g oz o5 0 o5 05 g Cad

o) laws olibe) 0,55 1S S o JS w50 LS lae an T AN Ceand S () JS8) Coul oas

Dedon Jol> (aals Lolen a8 ol Jg b g oo axSld 10,8 (DL b

e} i ka5 5 ke L ol (Khalili, 2007) &l ;o Lo Yo-Y0)

Sy e P it )l (Sys) plde Ban aS dga> YAV Jlo jo SCas ol aey 5 Fee 0]y

http:// 10.22092/erams.2020.343176.1355 Email: beheshti-b@srbiau.ac.ir W gin 005,55

Agricultural Mechanization & Systems Research
22(78), 2021

Yy



FV-0L (ol V o s/ VA 0,land TY ala/ (55,9Wi8 (ygmmol 3ailS0 g rdilols coliydios

IS 4 55w g (blage (ool pjled aile

950

Gl 0 |5 szl plw g o S ,d5 5wl

re

(Anon, 2018) ol (duejej 9 lsd ST 9 ol e olS ) S
Fig. 1 - Saffron plant and its shoot and root parts (Anon, 2018)

Sy Gl 1) 6yl 8 05l S & j5oay il
(Saeedi Rad et al., 2013)

J=5 51 IS (gilvlazr Al e o ol s L
3 ol g sloaiza alS o ogdle (e
Sgg d S Sl 0 a S Sog Il oS e
L oo 5 ol o o aslys o w0
9 )98 it Bblis )3 0img e (i 9S
oilizee slansilSe 5l LT yo s wilas L o Lg
el oo ool (g jlwlas (gl y

iliBie slap;ile g b ile (o (] o
3 G Sload (B pme cilie (B9 9 (o) 2
5 51 abE gilslaz gl a5 Loy, (55 <]
oal ad F LS ay j5-i5 sl g )ls g S o olis;
g o (Byme unl

shesliiul by JSes 5l ol i 57 (s5lwloe
azil oo T adlas —iagh o aliw eile
L S 5l 5 gilmlas as ols lis 3do ol
st s ey ol e ile sl eslin

(@

Ol e Ot (2 )5 )0 5l —2

Rl 1A G0, S o) (5,518 by o o)l e
s 5 5 sl
Jds 4 g el e L (6918 onl (i (bg; 0o
Gl ol s CndS (Stlage Jool panis cale,
ol ot (Vo b Lo 4 ;00 65— 5lalioe

D o Cwd Iy 05, hae |, aci 5,6l 8

Lo (o

! Q] (e

SIS eolayolass oy 4 o i by, 4 918
JUESIPE- -1 - F UETET SR NS P X ) BEDX. g N g W
P9y 5 IS o0 e LS liee ol pslas
PPN P BN VP NI SO TN
Sldas 9o las oo i cslopy o,y sla |5
YV el (Sow ol yaey |5 51 aDIS g5wlos
o=l (Safari et al., 2013) wslxiy Job 4 39,
d—do e (Hy aS oo 0 ) Olie 9 e
@258 lyde ) Jsmame (ml 51,8 50 has
39 )3 el 2o g 3 il als
I g S e i L o el L alSias

Agricultural Mechanization & Systems Research
22(78), 2021

YA



015502 g i

iged 9 (> rb b Lilal )3 (tagh 5o
4 ol aey sla 5 s aslo jeu8 o1 jo ol adgl
..\.:HL;O ool )‘)_9 Ls}l_(bul?uﬁ 09y Ls';_..ué CJ)B_.a
u~>)_>‘\r]au_~c|od_~a LFWUM 4.1.4_»»9 O_g.l)é as
doud g0 Lo )2y Lo IS slgail o ylxid ol
Soh—ass slodS e Guom 5 990 =550
L 55 e silwliz gl olie; J57 ol
OBy sgo dmio S aS (hym azly 4 e ply
WEiws ol s loasd o [ KaSS 51 s ol ie
oslo )‘)_9 0d—i0d A_‘>‘9 d_: Jj_»é.?bo JG—E pp—an )0
ao |y oadlas laa NS 5 LaS J5 a s cwl oas
J5 blasl (Sl 5l il e s Sldes aS ol
plasl 55 s5b an (S Sz 5 il co
A Gialidl ol ol Jol e e ol a sl
9y dm S La S b edil g S
(Gracia et al., 2009) el ((gws) gk
A lgn sogae o,z loslawl L ol aey S, U5
s aslw g b lacy |5 51a DS g5lulas
slajls as Sl 00 ‘;>|).b Ry Ko Q.;J
S5 S5 ol alS jelare 4 oah (el
e lyadyl =hb o J 5 e bl glm psY
odiS 4 aly 5l S oiws ) W35 o

e 9l 053 T U5, g bl o b

(Khalili & Serajipour, o4 o_alez> i Sl

2006)
Aoy i e ) Al s S R
alolaw .l ouls aislw (S Stz g jlwlas (o
9 Sy Al A eme 8995 Sl Jler L 0
Sy S=SS L 5 SIS wS oo LS S
Lesl 55y (9 95 (o0 ey (Sile 3w Slebs
ol J5 sl Sl e 23S (o0 D90
Ear 5l o Sl 5 S ped @ N5, I8
3l ookl Ly woaiSlaz amly asy 09,5 9 (b 0l
ablie plae S0 s lalgl JLse ol b
Cormd 31 S li s g o o S50 S,
Aty el (55 So p0 g )l s (il
goclw )00 55 LSO i o o 3,b 093 o
s oINS 5 85290 —alBL) Llas Ll
L i ol el o0 ¥ lawgine job 4y (o0
sam 4l g dgends co B Uy, e Lo 10 B
G 5 eSSV ali e oo g ol
Ole el arie S gjllas celiw 451, 03,95
L oS 5 S S oS s ol g YV
L1y ol 39S el jo 0,55 LS V8 e i s
9=S oo SaS YU Jls CiS 5 0 lailiwl csh,
sl—»a 5 (sla_slas ,o (Abrishamifar, 2006)
Ga s pe ;0 Swd Ojo an | oo cllo
Hlwlas o ws asls )3 sl wlas ows oy
O 5 4D (5 yslaer (e oates 5l ISt
2 Bl e il 5 sl L s lean
S b jlas cwla oy ¥ L’-’)-"-’ o9y o=
ol ilwlazr cdib aas pos Lis (95 0 See
(Safari et al., ceul el 06,55 LS /0 olKiws

2013)

Agricultural Mechanization & Systems Research
22(78), 2021

Ya



FV-0L (ol V o s/ VA 0,land TY ala/ (55,9Wi8 (ygmmol 3ailS0 g rdilols coliydios

YUY Gtagmails g Tase,cwl et al, 2000)
s yS sl ool sl oS eledse
ay e V20148 cla Sl ;5 50 ol Lo b
a=d Sl g, g ol SIS sl elSn (b
Ly alie 1o SIS (slo sl Sl o oyt a8
Doliie (5399 Sy g 0,5 plad 55 apolS plw
(Altmeyer et al., 2004) as o 1, 253L oy ion
5 (S ltont (b G ol 5l B
Ko 2Lyl g (Gl suiSTas oliws el
Seslaiwl L ol aey S, M5 51 a IS g5lwlos slo
5 S5 le 5 Ly o lia s Iy a2
oolaiwl Jdo ol ol ey |5 glial (Sealinog
Oleadly dm sy (0 gilliz 6l el
Obey 595 FolSsS 6,503 9 il sl e

gy gl
Kws 2l b

Iy olae; DS sausSlas oSws o,lexl,b ¥ IS
Oy ‘G“"L“'“’ be"” JAL...; oo u.;l B o ul.u.a.’
‘J...i‘ oKws colw 6‘)4 | @5.1&....» SJ....SLXD 9 uB
& 5leJow solid works l581s 5 5l eolaul b ol (slaaiis

i byl s asle s F

O §ilwdnds 9 (2150

P e S S oSl b
o=l e asulas a g Ll oo ools lid ¥ Sl
il Gilolar glwans Slaal 5l S (gt
P IRN DIESIN [V DU KON IO
55,5 i e st 3 o ol oy e

ooliiwl oS wss pl jo S950,LST adlis g 51l
Ol o ol sla 5 wlliws ml jo el oo
o=l ilslaz cdil o gl oo el b s (sl
e»))'l_g l_’ cel—w 3o ﬁ)f?_lj AR Sgd—> Ko
(Sanabadi et al., 2014) ¢l ao,0 - (gjlwlos

J=5 alelw S (g a8 i s b o
il ol it aw ol as el 1) (S
A=y 5 ooy 9 plwlid oy oauSadss Ly o
30 o9l Oygo 4 iy |5 gl s yo lelas
am Lo s o o9t ool I8 (639,975
"'\_56'0 L5 Q)‘? 9 b)‘bgrn).} u)_‘za )‘ &_)9—”&40 92
S a8 Sl @S9 LSV e 5l e 5Se b b
é)_gl_gol.i'l_wd A_AS)_) ‘) QT)l_gjo \_A.CLM)—Q \.\_’la
)l_f<55)_g)_mv QBDB«AJGA)U)‘._‘BM g.)jl.».».o
(Anon, oS eSS 1y o, Slee L o ls 5s 53—
Gl Caio 0 xS 5 b as byl 2019)
LS lasls @l glwlas glya Sog T J, s
(b oy, ogm oolw ailoas a8 3 LS a4 (Ig»)
3 G pdndlasl g Sldes sloa e 05— ol
B JPPS VI U P T YLV L SURIWIIGIC W 9] POy BN
(52) 55 5l aslz slye (5luloz Sl (n it
sl (Zhao et al.,, 2006) cwlos, S Los
Slllas g ain gloolw —wain IS5 gl
o=l o eai sl i > L > 4 S eols lis
(Dias et al., 2008) ewl oduzrsy Sl &l gz

Ol s oo Ot (el 5 b Al (o) 2
et ds baye yolSs gl B A o Sl
U"‘Jj‘ JL.M: L)""‘ BNt C«_w&:ﬁ] 5o YAAD JL_M: e
(Slack 5,5 e 1 (alSmm 4 Ly sye 51 b

1- Finch
3- Lapoul

2- Stremand

Agricultural Mechanization & Systems Research
22(78), 2021



RULS ey SRR PC RV KPS PR PR S WP U2

g 518 lwand aas o plii |y ilwans ol ek an gilulas anl 3 aS 09 b0 08
nolie L g Ll ©)90 e ROM (V)55 Jos L By 0 D50
A g adel by b g e Ay oS (59959 l i ol y9dm e Sl e Bz ]

(Anon, 2016) s o3l ward sl Jsl s 1033042 Ly ;5

037 ()
(c) Tank
YL S .
(d) Cyclone o8 ()
separator (b) Fan

ol ()
(a) Chassis

solid works ,13810 45 43 oyl yde; AN (gjlwlan oliiws 8yl b — ¥ JSUS

IS 0T (3 9 535 (g <08 (& ol (W
Fig. 2- Design of saffron stigma separation machine in solid works software
a) Chassis, b) Fan, c) Tank and d) Cyclone separatOor

S Olgo g 198 (29,5 ()
(b) Air and light solids
outlet
Ig2 $59,3(AN P, 4
(a) Cyclone
inlet
Slge o29,5(2)
(c) heavy

solids outlet

O (2 b =Y S
O Dlgo (295 (T 9 S 2150 9 190 (295 (2 (ol D90 5 192) (yghSemw (53,9 (I
Fig. 3 - Cyclone design
a) Cyclone inlet (air and solids), b) Air and light solids outlet and c¢) heavy solids outlet

Agricultural Mechanization & Systems Research
22(78), 2021

g



FV=0£ ol VEe s bl VA 0 )losd [TY ala/ 55,5l (yommol joiln 5 Beilolus colisios

&l 43 02l 3590 (o —& S
Fig. 4- Mesh used in simulation

S8 4SS Gl el 8l pliae; S
5 05 (Sl iy g laz ob | i 4 IS
s ez S0 0 N S a5 Gl e AN
Slg—s g Wg—b o0 )= ol VLo Ce 3
— Ol slmojles (55, (S ,—I5) FoKi—w

W9 o0 Al (elSe S5l g 555 o0

oliwo 5 s
el 00 ool i O S 84S eboles
1 RSe b wlee ©)j9m0 d (lie) 55 oo lu]
HLad Lasl jo a8 Wig 8 e (sl 819 (505,9) Yo
JUIE ORI RN U PUNE S NP SRV JUUNYCONE |

S92y 5l 40 .0, S aales sloul el alaams

dsayls) 29,5 Output (air and light
T materials)

) Cyclnue. input 138) 3l (539 39
(Air and solid matter) (als goslay
Heavy material passage .. sis 108 pous Smi 3lga j08 pewa  Light material passage path

O e R gs o

Heavy material output and discharge

SIS 808 o olwd 15 2950 Sileuwd —0 S
Fig. 5- Scheme of how a cyclone separator works

oS (&b

Bc=Dc/4 )
2D2D g5 3 imgs ol o ond ool ¢
De=Dc/2 ¥) &9’ S okegh cpl yo ead (b el
Bn ol Gl glaceens olal sl VB Ly, 4
Hc=Dc/2 )

Agricultural Mechanization & Systems Research
22(78), 2021

Y



015502 g i

3, es b (sl S £65 (l 3 oslasul Jdo

5 olul el Jlad xeS cdl s 4 g5lolas o o e
Ol Sle 2 g3 (nl y0 00l ik Joo sl
ghie )3 00l S)ly pliae; oS Glie) 635,9 lyd

w00 0alo L)LAN \ ‘_bd\} 3O (609)9

e 9l 053 T U5, g bl o b

Jc=Dc/4 )
Lc=2*Dc ®
Sc=Dc/8 *
Zc=2*Dc M

-l =

-+ D, |-
N
|
TR

b o
le—— D —]

!_

Z

OIS dwid — 1 JSS
Fig. 6- Cyclone geometry

Slawlos 45 00 03wl (glSuw Slaswin - Y Jgia

Table 1 - Cyclone specifications used in calculations

Dc (cm) De (cm) Lc (cm) Zc (cm) Sc (cm) Jc (cm) Hc (cm) Bc (cm)
20 10 40 40 25 5 10 5
N = %(Lb + %) \) = St bl 5l el (b 6l
Wl e a5 (Lo ygo slaad) olSe s )3 Jomame id, >

=H oo J—=b om0 sl =N
s Job =L () 534,5 JLSIS glas )|
O3S by Job =g 5 () ol
(o)

Al l s o 0, Slas a5 IS yleadly
ol (Olhy=ae; J5) ©l)d S 2 4y (e IMS)
(Sahay & Singh, 2002) .5 co

Gaa o eolawl gl 5 005l 1)0,9] Caws

Slo_s5 QQ)ST < S A ‘b_f‘ﬁ) LJ_" ool )‘

e 5 05— Ol 9 Jg—ame i =
3,923 Olie ez yp L Cl ol sLomolgns
Gilwlas (il 5ol Lo yeo sloss) ss—d i ios
oBws Hlodsly amnil )0 9 09— o yidion OI)S
(aINS) , 155 5550 oaloz lyd oy > s 45 -

b oo il = el (Olyae; J5) JS > @

Agricultural Mechanization & Systems Research
22(78), 2021

Y



FV-0L (ol V o s/ VA 0,land TY ala/ (55,9Wi8 (ygmmol 3ailS0 g rdilols coliydios

(p,S o S) @l S5 py> = M eglise o3lal
.o);s).&u oo)’lg= 77] 9
35— O sl g Lo el )b ¥ ooz 5o

w00 OQ)BT ).laJ

Jnm;
n="—"- @)
‘ui Pod as

)é s_:‘)») py— = mj fd._c?,o.?.u‘_}_{oo)'l_g :77

O Olasule - Josa
Table 2- Cyclone specifications

axly yel)ly

Input height 10 cm
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Fig. 11 - Petal particles diffusion contour at different input velocities: a) 1.5, B) 5/2, and C) 3.5 m/s
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Fig. 12- Anther particles diffusion contour at different input speeds: a) 1.5, B) 5/2, and C) 3.5 m/s
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Fig. 13- Stigma particles diffusion contour at different input speeds: a) 1.5, B) 5/2, and C) 3.5 m/s
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Table 8 — Efficiency of Stigma separation from petals in cyclone at different inlet velocities

69933 s yw

) oo b0y wlyd 08,5 4l,8 &lyd ool puS lyd  saidlaz Olyd (awey0) oyleaily
(b 20) tracked escaped trapped Incomplete  Efficiency (%)
Inlet velocity (m/s)
1.5 m/s 200 34 2 164 17
2.5m/s 200 154 5 41 77
3.5mfs 200 178 10 12 89

oo”T AP Jolos o olaey |5 sl (S sl
9 u_9 s_:l_‘>w‘ ‘5‘)_: Jj\.k_‘> U_" C.:l_u )‘ el 00
oolaz__wl §—ao0 u_:‘ I so—Slas o el

Pl d—ulxo g (g S0 3la—! 3l J—ol> gl
owd (51 g (Swolio g p]
Pls S A alone g (s peSojal I ol gl

o 2 9 Sy lb Sy ((y59) (Sel—u0g ]

o83 J5 sl 059 55 05101 -1 Jgsa
Table 3- Weighing saffron flower parts
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Table 4 - The saffron flower components floating speed calculation
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Table 5. The calculation of Friction coefficient
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Table 9- Analysis of the saffron flower components efficiency based on the moisture and air speed features
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Abstract

One of the important processes in agriculture is separating of agricultural products. The use of cyclones is
one of the methods that with lower costs, shorter separation time and simpler operation, has a high efficiency
compared to other separation methods (Such as separation by hand and so on). The aim of this research is to
designing, simulation and construction a cyclone separation device and evaluation it in order to separate the
stigma from the saffron petals. In this research, cyclone simulation was performed using ANSYS FLUIN
software and computational fluid dynamics (CFD) analysis method and the separation efficiency was
obtained. The device was designed using SOLID WORKS software and its prototype was made and evaluated
at three levels of 1.5, 2.5 and 3.5 m/s of air speed and at five levels of moisture content (10, 20, 40 and
60)%wb. For this purpose, a factorial experiment with completely randomized design with three replications
was used. The evaluation results of the device showed that the highest separation of the device at 20%
moisture content and 3.5 m/s air speed was 80% efficiency and the lowest was 11% efficiency for 80%
moisture content and 1.5 m/s air speed which was very close to the best result of simulating the device in
ANSYS FLUINT software which it was 89% efficiency at 3.5 m/s air speed.

Keywords: Device Simulation, Dynamic Analysis, Impurity Percentage, Separation Efficiency, Terminal
Velocity
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