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Fig 1 Saffron flower and its main parts: 1- petal, 2-
stigma, 3- stamen, 4- leaf, 5-receptacle, 6-style
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1. Computational Fluid Dynamic (CFD)
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Fig 2 Two different modes of cutting: A-cutting the top of receptacle and creating three segments (1-stamens, 2-
three- branches stigma, 3- petals), B-cutting the bottom of receptacle and making two parts (4- three-branches
stigma, 5- flower without stigma)
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Fig 3 Simulation of stigma with a perfect sphere

8 Sl Ssle e S dy (SCals sl S i e 4 by
LGl s S &S doly JEs L LS o5 S
Sphir e s daly 51 OT SMEs 5 3l e A e

([VE]

v

Cosd Coolt S (ol JE e gl Ll ol 58
S ¥kl 5550 i B33 sl R LB S
oozl 2o g8y Sl eslinal b Olasy S el JKo acsloe
CEF IF s 2se LOT S &S Olkes JS el
5 S, il an IS WS Ol Sl Wy ole

ps=paX mp/ m; +m,—ms

(@)l 5l 5 o5 o -
(8)< 50 pr -y

(8) w50 5 mlo 5l 5 Sy p e~
dm b g (6 S oIl Y-

A Lo pilie g mbe 5l SlideS ey
Ay o 0Ll 4l e 0 U Y easdome 531, 0l S el
0L sl b5 53 sl ey L lsn oS il 51 [A] 5 [V] (8]
slalast 555 4 i ol lace o 2 O 5l ealiazal e yls
5 e I35 & Ol Sl SRass (rl 03 asd e a5 B
Sl K 4 Sonp 5 08 b A Glais w4 a5 L
53 3gmse 355 B oaas 3ok Bg gl w 0lies S
55 b s eslinal Olghol s oKl VL oKl 5]
SheS sk 4 s el kS 15 S w0 e SR 55
OF ol JUK 53 o 0aKe (glsn 0L 2 53 iV sy 55 sl
LSJ:§ 0)'\.\.3\ el ol enlatd J:.a 6)).4) &Y &.....2 ;g_s' )\
A el E /00 <35 L (Testo 512) Jus
G elS leand 31 eslinal 1 SKalusg pl hd aloes
ﬁu)\d%au‘béjbﬁw&bwb‘jf‘}é\j
cotle glaan s Jals 5 b anl b Lews sl ISl
5 B s IS ilulir Saluss ol Slpgas s dal
G50 Ao s G wlige o805 Sl 5 eslinal 5y5e s,
56 L Jlw (36w 0L 3 o daler el —Jle
3 s WL Sl SO sl e 08 w5l 6 ke 5 4l
Jold dlw 3B AL axils 54 5 Cilisee glaelil L o 50 50

U edd s Cile slaise Jold ol 56 5 a0 >



s 36 10ae s IS NS Sl T (bl

[)b&w;[)u})ﬁJJTwJa

Lg ;f).) LS}];-.’ > e r).@.uu )\ ealazul E) L;))l;ﬂ': LS}J:'.'
53 o G b cnlply g el ol 003 055 G
Ao e 53 S e Salusg ol Jhs e ¥ ol 53l
Sy sde edd b Solusg ol s ozl Lo
.[\O]Mcmsjiqhg\)

Re= p,vd/ pn ®

-3 Z

(kgm™) 152 J& -p,
(MS™) Lss 5L o= V
(Pa.s) s ax3,8ms -1
Ub}w&j)dﬂ\jwwl:bg)>%ﬂwm
53 b Salusgpl Jbs gl sl Slie OOl Cd

.(iJ&.‘:) ol aalsl ),>‘-T B

Fﬂ ~ I'-D
01 al Em.r-"‘ygvz Cpa Pg;Vz
? No

da=Fp/ Cpp, m /8 V? )

N) Ss s Fp

S5 5= Cp

(kgm™) o5 JS —p

ms™) 158 0L > s =V

Sarloss ] 3 s 550 sdalie ¥ odlail) 5168 5b0kes
S2 S 5 = S (S55 yps O35 e gk
SUges e 5 Jhw ol 4wy 5 Sos e s
ot 5 oan ol 5l Sealins T o alome sl 1 e
b by bl Sos,l 4 ar s b s A el
wmg 53 g Ve 5l S sls sde (Y a8 O sen
33 e [VO ] s 4 T lat 30 /8E Ll S s o b s
Sy Olge 393 s b3l 5l Jool d s ¥ e
SLoss Jabiw b s b 5las UK s 0L~

Yes

Fig 4 Flowchart of the try and error method to determine the aecrodynamic diameter
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Moisture content of saffron flower parts
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Fig 5 Moisture content of saffron flower parts during four days after harvest

£ b olies IS el Cusby do s SWl ol 50 S
Cews Sl w _L}\j.?d‘.; 3T c;\ﬂ.gﬁ J_\ gc,..;\sj 3! ISTS
S Klesls OLES V] pdime 353 0313 Cund Cab, 031
ol 51 5 S (I B 13 DS 5 e el
SAS 8V 53 8 e MY 5V OYAY (s
OLS iy Oy Dl W )l a5 Olae; 8 S

el 12 OS5 Osls Cws Sl edias

Mass of saffron flower parts
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Fig 6 The mass of saffron flower parts during four days after harvest
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Density of saffron flower parts
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Fig 7 The density of saffron flower parts during four days after harvest
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5 - Terminal velocity of saffron flower parts
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Fig 8 Terminal velocity of saffron flower parts during four days after harvest
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Fig 9 Comparison of density, mass and terminal velocity of saffron flower parts in the first harvest day in two
different cutting modes: 1- two parts mode 2-three parts mode.
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Fig 13 Schematic of stigma separation machine:1- Chassis and desktop, 2-Motor and Gearbox, 3- Belt and pulley, 4-
Cutting unit, 5-Flower seat, 6- Blower, 7- Aerodynamics separator, 8- Tray.
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In recent years, pneumatic method of stigma separation has been considered by
some researchers. In this regard, computer simulation of the process is necessary
as well as determination of the engineering properties of the various flower parts.
According to preliminary observations, the number of flower components, their
characteristics, and the simulation of the separation process, all depend on the
flower cutting location. In this study, cutting of flower was done in two modes. In
the first mode, the flower was cut from the top of the receptacle and divided into
three parts including petals (2), stamens (3) and a three-branch stigma. In the
second mode, the cutting accomplished from the bottom of the receptacle and the
flower divided into two parts including flower without stigma, and a three-branch
stigma. Variations in weight, density and terminal velocity of different flower
components were studied as a function of moisture content. According to the
results of this study and in contrast to most of the published papers, vertical wind
tunnels are not suitable for pneumatic separation of saffron stigma. In order to
provide required information for computer simulation, the flower components
were considered as spherical particles, and then their aerodynamic diameters were
calculated using the proposed flowchart. The results showed that the difference in
aerodynamic diameter values in the two-section cutting mode reach to significant
amount of 70%. Results of present study also indicate that the appropriate stigma
separator mechanism should have singular feeding system and ability to provide
turbulent air flow. Preliminary results obtained from computer simulations are
hopeful in the case of using dual internal tunnels equipped with rotational flow.
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