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Abstract
Quality is an important factor in food products marketing, in the agricultural products, which the lack of
agricultural equipment effects on it. Nowadays, separator devices play an important role in the quality of
agricultural products. In this study, the separation of stigma from other components is analysed in oscillating
separator, wind tunnel and combination of two states for determining their transposition. Oscillating separator
experiments were performed based on completely randomized factorial design with 3 treatment of slope,
amplitude, frequency and 3 replicates that each treatment is carried out at two levels. Considering that saffron
components terminal velocities were different therefore wind tunnel experiments were done at different speeds
within the range of saffron components terminal velocities. The results show that the combination of “wind
tunnel-oscillating seperator” had the best seperation. In the oscillating seperator, the frequency of 35 Hz, amplitude
of 7 μ and slope of 10˚ in comparison with other states had the optimum seperation. This combination was
followed the average stigma separation of 86.29% and percent of impurities of 14.14%.
Keywords: seperation, oscillating separator, wind tunnel, frequency, amplitude
1. Introduction
Saffron is a spice derived from the flower of Crocus sativus, commonly known as the saffron crocus. Crocus is a
genus in the Iridaceae family. Saffron flowers that take accont as the product of farm, include white carpel, three
vivid crimson stigmas, three stamens, three same color sepal and petal that number of sepal and petal in usual
flowers is six (Figure 1). Who stigma and a part of carpel from the other components is separated then the product
is dried and sold as commercial saffron.

Figure 1. Saffron components
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In the recent researches, petals were used in production of food color due to anthocyanin pigments (Hemmati et al.,
2001), and saffron leaves can be considered for animal nutrition (valizadeh et al., 1899). According to the
mentioned contents and applications of saffron in the pharmaceutical and coloring industry, it can be realized the
importance of saffron separating. In the other hand, arranged flowers in one day should be opened on the same day,
so, the flower pipe is splitted and the carpel is taken with three red stigmas within the flower pipe by the nail
(Abrishami, 1897) which contributes to the pollution of saffron and reduction of its quality.
Agricultural products can be distinguished, usually based on shape, dimensions, physical properties and
aerodynamic properties (Borgeie, 1974). Separation based on the aerodynamic properties is the oldest separation,
by this method the seeds are put exposed to the air flow. To separate the stigma from flower, Emadi et al. (2008;
2009) and Vale Ghozhdi et al. (2010) used physical and aerodynamic properties. The terminal velocity of flower
components such as stigma, petals and stamen have been determined by the wind tunnel and results showed that it
was possible to separate the stigma in harvesting moisture. In another study, Paschino and Gambella (2008)
compared three models of cyclones with various structures such as the duct diameter, air velocity and the
separation surface for the mechanical separation of saffron stigmas in the air flow. Results showed that cyclone
type 3 which reduces the duct diameter by 14% and speed of the air included between 0.69 m/sec and 1.5 m/sec,
the separation performed (96% of separate stigmasand without any damage in stigmas. In the separation based
on friction coefficient, separation process is based on difference in the friction angle of mixture components. In
this field, Emadi (2009) and Vale Gozhdi (2010) have taken a similar conclusion that there was a possibility of
separating saffron components with this property. Hassan Beygy et al. (2010) studied the physical properties of
saffron corm and determined the average values of the coefficient of friction for the three corm regions on steel,
galvanized steel, plywood, rubber and polyethylene sheets: 0.517, 0.404, 0.462, 0.584 and 0.402, respectively.
Electrostatic separating method is based on alternating absorption or desorption of charged particles in an electric
field. Bani Hashemi et al. (2010) investigated the possible separation of impurities in the saffron, for example,
chosing the nails. The results of the experiments showed the purification of the nail by 72%.
Other researches were carried out in separating such as researches on pea (Kiliçkan & Güner, 2010), cotton
(Kiliçkan & Güner, 2006), barley, sunflower, lentil (Guner, 2006), pistachio (Sadegi et al., 2008), peanut
(El-sayed et al., 2001), and wheat (Rasekh et al., 2005; Guner, 2006).
According to these studies, we observed that there were no researches about the stigma separation by oscillation
separator, wind tunnel and combination in 2 states (oscillator-wind tunnel, wind tunnel-oscillator), and there
were also no researches about influential parameters on oscillation seperator such as slope, frequency, amplitude
on saffron separating. Therefore, it’s important to separate the components of saffron, especially stigma.
2. Materials and Methods
2.1 Preparation of Samples
Saffron grows in limited regions of Iran, such as Khorasan, Fars, Yazd, Kerman, Markazi, Semnan, East
Azarbaijan, and the production of it in the most provinces is new, except Khorasan and Fars. Samples were picked
on farms located in the city of Marand in East Azarbaijan, then samples were cut from the upper receptacle by
scissors, and the various components such as petals, leaves, stamens and stigmas were separated. The saffron
components were dried in the oven at 103°C for 24 hours (ASAE S358.2 FEB03) to determine the moisture
content.
MCwb 

Wi  Wd
 100
Wi

(1)

That:
MCwb : Moisture content, based on wet, (%)
Wi : The initial mass of sample, (g)
Wd : The dried mass of sample, (g)

Experiments were repeated 3 times to determine the initial moisture and took the average value as the initial
moisture.
2.2 Seperation
In this experiment, 2 separator devices were used including oscillating seperator and wind tunnel with test section
diameter of 17 cm with different speeds. Oscillation Separator is made up a “Sinocera Piezotronics Inc” oscillator,
model JZK-2 and a screen (length: 32 cm and width: 22 cm) screwed on oscillator as shown in Figure 2.
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Figurre 2. “Sinoceraa Piezotronics IInc” oscillatorr
arator
This seperrator was able to work in the various sslopes of frequuencies and aamplitudes. Osscillating sepa
experimennts were perforrmed on 2-3 g ssamples random
mized factoriaal designed withh 3 treatment oof slope, ampliitude,
frequency and 3 replicattes that each treeatment was ccarried out at tw
wo levels. Duee to lack of suffficient inform
mation
about the frequency, am
mplitude and tthe slope for stigma separaation, 3 g of ccontrolled sam
mples were use
ed to
determine the frequency, amplitude and slope of the ttests. The sampple feed an osccillating seperaator steep scree
en by
a chute and tested with variety
v
of ampplitudes, frequeencies and sloppes. The optim
mal values havee been presentted in
Table 1.
Table 1. V
Variable valuess of oscillating seperator
condition

optim
mal values

Frequen
ncy (Hz)

30

35

Amplitu
ude (μ)

5

7

Slope (d
degree)

10

15

Considerinng that saffronn components terminal veloccities were diffferent thereforre wind tunnell experiments were
done at diffferent speeds within the rannge of saffron ccomponents terrminal velocitiies to achieve the optimum speed
s
for separattion.
To determ
mine the effect of
o separation ssystems transposition, two coombinations w
were tested:
1) Oscillatting seperator-wind tunnel
2) Wind tuunnel-Oscillating separator
After deteermination of two separatioon stages perccent of each ccombination, ttotal separatioon percent of each
combinatioon was definedd as first stage separation perrcent multiplieed by the seconnd stage Separration percent:
P.Stotal =
=P.S1  P.S2
(2)
That:
P.Stotal : Total Separation
n percent, (%)
P.S1 : Firstt stage Separattion percent, (%
%)
P.S 2 : Second stage Sepaaration percennt, (%)

2.2.1 Oscillating Seperattor-Wind Tunnnel
Experimennts were perforrmed in two staages. First sam
mples were testted by oscillatiing seperator, aand then oscillating
output wass used as an innput in the wind tunnel.
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2.2.1.1 Oscillating Seperator
Before the test the amounts of each part of flowers was weighed by digital scale with an accuracy of 0.01 g. For
testing, first oscillating separator was set on frequencies, amplitudes and slopes and then vibration is started and
the sample was fed on a steep screen. Saffron components on the screen have been started to vibrate and each part
took distance from other parts. Finally, after passing the length of oscillator screen, the amount of each part in the
oscillator output was recorded. The optimal time for obtaining the maximum stigma separation percent in output
was also noted. For determination of stigma separation percent, stigmas in the separator output were devided to its
input value:
Seperation Percentage=

Material in output
 100
Material in input

(3)

2.2.1.2 Wind Tunnel
According to Emadi (2009) and Vale Gozhdi (2010), the terminal velocities of saffron components have
significant difference with each other which can be used for separation. For this purpose, first a 3 g controlled
sample was applied to determine the range of separation speed at three replications. To measure the air speed, the
hot wire speedometer of model “Yk-2004ah” with an accuracy of 0.1 m/s was used. Seperator evacuation materials
have been fed into the wind tunnel test section by achute. Air speed was changed in the range of separation speed
by the inverter and diaphragm until at the optimal speed, the highest percent stigmas separation was achieved. The
output weighing of the wind tunnel was measured by scale and stigmas separation percent was determined
according to Equation (2).
2.2.2 Wind Tunnel-Oscillating Separator
In this combination, the experiment was performed in two stages according to previous combination. Method of
tests is on the basis of previous combination with a difference that first eight wind tunnel, separation tests were
performed with 3 replications and the output materials were used for the input of the oscillating separator.
3. Results and Discussion
3.1 Initial Moisture Content
The results of initial moisture content of saffron components based on wet have been shown in Table 2. These
values are the average of 3 replications.
Table 2. The initial moisture content of saffron components based on wet
Sample
Initial moisture content

Petal
87.2%

Stigma
77.4%

Stamen
66.7%

Leaf
56.1%

3.2 Oscillating Separator-Wind Tunnel
3.2.1 Oscillating Separator
Average and variance analysis of stigma separation data were calculated by excel 2007 and MS-TAT. Results of
variance analysis of three treatments (frequency, amplitude and angle of slope) on the stigma separation percent
has been shown in Table 3. Effects of two factors including frequency and amplitude on the separation percent are
significant in the probability level of 1%. Frequency × amplitude and frequency × slope angle interaction effects
and even effect of frequency × amplitude × slope angle on the separation percent is significant in probability level
of 1%.
Table 3. Variance analysis of treatments on stigma separation percent at second combination
Variation resources

Degrees of freedom

Mean squares

Frequency

1

157.082**

Amplitude

1

7.935**

Slope angle

1

518.940

Frequency × Amplitude

1

19.082**
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Frequency × Aope angle

1

121.5**

Amplitude × Slope angle

1

22.427

Frequency × Amplitude × Slope angle

1

105.840**

Error

16

9.364
3.31%

Coefficient of variation
** Significant in probability level of 1%

To achieve higher percent of stigma, separation average of oscillating separator, optimum time, etc. at various
levels of treatments are shown in Table 4.
Table 4. Stigma and impurities average seperation values and optimum separation time at first combination
Test number
1
2
3
4
5
6
7
8

Treatments value
Frequency:30 Hz
Amplitude:5μ
Slope: 10˚
Frequency:30 Hz
Amplitude:7μ
Slope: 10˚
Frequency:35 Hz
Amplitude:5μ
Slope: 10˚
Frequency:35 Hz
Amplitude:7μ
Slope: 10˚
Frequency:30 Hz
Amplitude:5μ
Slope: 15˚
Frequency:30 Hz
Amplitude:7μ
Slope: 15˚
Frequency:35 Hz
Amplitude:5μ
Slope: 15˚
Frequency:35 Hz
Amplitude:7μ
Slope: 15˚

Separation average

Impurities average

Optimum time

84.47%

45.50%

22

81.57%

49.60%

14

88.1%

26.30%

16

97.17%

48.70%

14

96%

52.60%

14

97.63%

71.30%

12

99.03%

75.60%

12

95.83%

47.60%

6

According to the observations and results of the stigma and impurity average separation, the best separation with
high quality is achieved in frequency of 35 Hz, slope of 10˚, amplitudes of 5 and 7 μ. In these characteristics,
stigma separation is in high level while the impurity percent is low. In these two optimum cases, output impurities
have the lowest leaves and petals than any other cases. The main reason of stigma reduction in output is related to
saffron petals. Petals surround the stigmas and don’t allow the stigmas to vibrate. This shows that the initial bulk of
sample is one of the parameters that have an effect on separation.
The time and frequency is inversely proportional to each other and Table 4 depicts it. By increasing the frequency,
the time for optimum separation are reduced. As in experiment No. 8, all inputs were observed in the seperator
output with increasing a little time. It means that no separation has occurred to any of the components. According
to this, we observed the time is effective on oscillating separation as the length of plate is effective.
In Figure 3, percent of pure and impure materials separation diagrams are given in constant frequencies and the
effects of amplitude on stigma separation percent have been investigated. In diagram (3-a) the best separation point
has occurred in slope of 10˚ and amplitude 5 microns with the average stigma separation percent of 88.10% (less
than the others) but the low difference of stigma separation percent compared to others to its low percent of impure
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and also thhe high differennce in the perccent of impuritty to others havve caused this point of separaation to be bettter in
frequency of 35 Hz. Expperiment No. 7 (frequency: 35 Hz, amplittude: 5μ, slope: 15˚) has thee lowest differrence
between ppure and impurre graphs. Thiis means, the ttime or lengthh of plate shouuld be less for separating pro
ocess
because off high frequenccy but the platee is constant foor each test, thherefore the tim
me is effective on this test. At
A this
point, the hhigh impuritiess percent is related to low sepparation time ((With comparinng the percent of pure and im
mpure
diagrams iin (3-b)). For having
h
the higghest percent oof pure versus the lowest perrcent of impurrity, amplitude
e of 5
microns w
with slope 15˚ had
h the best sepparation.

(a)
(b))
Figuure 3. Pure and impure separaation percent inn constant freqquencies of 30, 35 Hz at firstt combination
mentioned freqquency and sloppe, amplitude of 5μ
Comparingg the Figures (3-a) and (3-b) it is concludedd that, in two m
gives a reaasonable answeer, for this leveel of separation.
In graphs oof Figure 4 purres and impurees separation percent have coompared with eeach other in a constant amplitude
and the efffects of frequeency on each separation perccent has been investigated. Inn Figure (4-a),, the highest stigma
separationn is in frequenccy of 35 Hz andd slope of 15˚ w
with the averagge of 99.03% aand impure perrcent of 85.60%
%. In
fact, there is no separatiion between puures and impuures. But in tw
wo states of (frrequency: 30 H
Hz, slope: 15˚)) and
(frequencyy: 35Hz, slopee: 10˚), the seeparation is beetter. Considerring the abovee points, in grraph (4-b) the best
separationn has been perfo
formed in frequuency of 35 Hzz and slope 10˚˚ with an averaage of 97.17% and impure percent
of 48.70%
%.

(a)
(bb)
Figgure 4. Pure annd impure sepaaration percentt in constant am
mplitudes of 55, 7 μ, at first ccombination
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Comparingg the two Figuures (4-a) and (44-b) shows thaat at two levelss of mentioned amplitudes, frrequency 35 Hz
z and
a slope of 10˚ are the besst separation inn comparison w
with other valuues.
So, if we chang the osccillator plate w
with the longeest one, we caan expect to inncrease the stiigma separatin
ng by
increasing the time of thhe separation.
3.2.2 Windd Tunnel
Average values of stigmaa separation byy the wind tunnnel are given inn Table 5. Air vvelocity valuess varies in the range
r
of 1.9-3.5 m/s. Accordinng to the observvations, the stiigma was lost because the am
mount of saffrron was involv
ved in
the samplees holding messh and vibratioon was requiredd for their releease. Because oof the componnents types the most
impurities were existing in the input. W
When the speeed of air is inccreased within the terminal velocity range of
o 1.9
m/s, stigm
mas are separatted from the oother componeents. But the sttamens and leaves because of closely term
minal
velocity too the stigma teerminal velocitty of 3.6 m/s, in output beinng visible withh stigma. On thhe other hand most
experimennts in oscillatinng seperator had more stigmaas than the otheers componentss in output. As mentioned, we can
optimize thhe wind tunnel with connectting the vibratoor or use the aiir in oscillatingg seperator to increase seperration
percent in second stage.
Table 5. Sttigma and imppurities seperattion percent inn wind tunnel aat first combinaation
Tesst No.
1
2
3
4
5
6
7
8

Stigmaa percent
85..13%
85..07%
91..03%
89..83%
83..73%
71..17%
68..80%
78..57%

Impurities percent
443.12%
339.50%
668.31%
448.20%
445.14%
224.73%
228.40%
551.91%

In Figure 55, the percent of
o stigma separration and impuurities percent graph have beeen shown. As kknown in the figure,
f
the percennt of stigma sepparation in expperiments 3 annd 4 is the most of other vallues but at the same time, ha
as the
most impuurities percentt. Because the stigmas andd leaves weree the main im
mpurities obseerved in these two
experimennts and the amoount of petals is close to zeroo, thus the stiggma and leavess in the outputt of wind tunne
el are
seen due too closely term
minal velocity tto stigma. Acccording to aforrementioned reesults, second separation by wind
tunnel isn’’t necessary if we remove peetals in first sepparation by osscillating separrator. Removinng the petals ca
an be
performedd by creating obstacles
o
such as a number oof thin rods w
with same distaance and paralllel with each other
which are placed on the oscillating sepparator in severral rows.

Figure 5.
5 Pure and imp
mpure separatioon percent in w
wind tunnel at ffirst combinatiion
107

www.ccsennet.org/mas

Modernn Applied Sciencce

Vol. 6, No. 7; 2012

3.2.3 Geneeral State of Oscillating Sepeerator-Wind Tuunnel
In general state, we havve combined tw
wo states of ooscillation and wind tunnel aand formula of No. 2 is used for
explainingg data. The meaan values for ggeneral state haas given in Tabble 6. Accordinng to the Tablee 6, it is khown
n that
the highesst mean stigmaa is related to experiment off 4 with 87.29% stigma sepaaration and thee lowest perce
ent of
impurities is related to exxperiments of 3 and 6 with 117.96% and 177.61% impuritiies separation, respectively.
Table 6. Sttigma and imppurities seperattion percent inn first general ccombination
Test No.
N

Stigma percent

Imp
purities perceent

1

711.91%

19.61%

2

666.12%

19.59%

3

800.20%

17.96%

4

877.29%

23.47%

5

800.38%

23.72%

6

699.48%

17.61%

7

688.13%

24.31%

8

755.29%

14.81%

Stigma annd impure sepaaration percennt have been sshown in Figuure (6-a). Maxximum separatiion with minimum
impurities has clearly ideentified in expeeriments of 3, 4 and 5. In Figgure (6-b) by coomparing the vvalues of impu
urities
and pures of experimentts 3, 4 and 5 ccan be found thhat experimennt of 4 has the best result beccause of more total
initial sam
mple and low peercent of impuurities versus thhe high pure percent. After eexperiment of 44, experimentss of 5
and 3 havee the best respoonse to stigmaa separation, reespectively.

(a)

(b)

Figuure 6. Pure andd impure separaation percent iin first general combination
3.3 Wind T
Tunnel-Oscillaating Separatorr
3.3.1 Windd Tunnel
Average vvalues of stigm
ma separation bby the wind tunnnel are givenn in Table 7. A
Air velocity varried in the range of
1.9-3.7 m//s. This time, the input of w
wind tunnel inpput was similaar to experimeents in terms oof size and typ
pe of
componennts. The observvations show tthat we need m
more air speedd to separate sttigma from othhers because of
o the
petals thatt covered the other componnents. This shhow, the goodd separation w
with wind tunnnel requires initial
separationn to reduce im
mpurities compactness. Durinng the samples nutrition, soome leaves, staamens and stig
gmas
placed on ppetal and causee high weight, so, Petal Term
minal velocity w
were increasedd close to stigm
ma terminal velocity.
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Wind tunnnel has more im
mpurities at firrst stage of sepperation in com
mparision withh the wind tunnnel in second stage,
s
especially petals. This reesults show thhat the type off feeding is impportant, if we change the feeding type or large
chute dimeensions, we caan expect that, the mentionedd problems willl not be repeatted again in wiind tunnel.
Table 7. Sttigma and imppurities seperattion percent inn wind tunnel aat second combbination
Test Noo.

Stigma p
percent

Impu
urities percen
nt

1

91.100%

63.22%

2

85.877%

67.70%

3

91.322%

49.47%

4

95.211%

61.18%

5

89.100%

44.63%

6

97.966%

75.87%

7

82.744%

52.31%

8

96.700%

49.32%

The graph of stigma and impurities sepparation percennt has been shoown in Figure 7. As is clear iin the graph, sttigma
separationn percent in Teests No. 4, 6 and 8 are highher than otherrs with averagges of 95.21%, 97.96%, 96.70%,
respectivelly. However, we observedd that Stigmaa and impuritties separationn percent aree in the rang
ge of
82.74%-977.96% and 444.63%-75.87%
%, respectivelyy. That both are more than wind tunnnel output in first
combinatioon.

Figure 7. Pure and impuure separation percent in winnd tunnel at seecond combinaation
3.3.2 Oscillating Separattor
Separationn average of oscillating
o
sepeerator and opttimum time, too achieve highher percent off stigma, at various
levels of trreatments are shown
s
in Table 8.
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Table 8. Stigma and impurities average seperation values and optimum separation time at second combination
Test number
1
2
3
4
5
6
7
8

Treatments value

Separation average

Impurities average

Optimum time

89.55%

52.31%

19

85.63%

41.80%

13

91.70%

31.24%

14

90.63%

23.12%

12

89.75%

49.68%

13

93.95%

63.35%

10

90.66%

70.50%

9

84.88%

51.49%

6

Frequency:30 Hz
Amplitude:5μ
Slope: 10˚
Frequency:30 Hz
Amplitude:7μ
Slope: 10˚
Frequency:35 Hz
Amplitude:5μ
Slope: 10˚
Frequency:35 Hz
Amplitude:7μ
Slope: 10˚
Frequency:30 Hz
Amplitude:5μ
Slope: 15˚
Frequency:30 Hz
Amplitude:7μ
Slope: 15˚
Frequency:35 Hz
Amplitude:5μ
Slope: 15˚
Frequency:35 Hz
Amplitude:7μ
Slope: 15˚

According to the observations and results of the stigma and impurity average separation, the best separation with
high quality is achieved at the frequency of 35 Hz, slope of 10˚, amplitudes of 5 and 7 μ. In these characteristics,
stigma separation is in high level while the impurity percent is in low level. In these two optimum state, output
impurities have the lowest leaves and petals of zero. In this mode of combination, there is less Impurity in the input
an oscillating seperator because of reducing impurities in the first stage. So we can conclude that separation time is
reduced with high quality separation, if obstacles againest the stigma vibrating reduced.
Results of variance Analysis of three treatments (frequency, amplitude and angle of slope) on percent of the stigma
separation has been shown in Table 9. Effects of two factors frequency and slope on the percent of separation are
significance in probability level of 1%. Interaction effects of frequency × slope angle on the percent of separation
is significant in probability level of 1%.
Table 9. Variance analysis of treatments on stigma separation percent at second combination
Variation resources

Degrees of freedom

Mean squares

Frequency

1

0.385**

Amplitude

1

16.203

Slope angle

1

1.127**

Frequency × Amplitude

1

19.117

Frequency × Aope angle

1

88.090**

Amplitude × Slope angle

1

4.386

Frequency × Amplitude × Slope angle

1

61.696

Error

16

14.899
4.31%

Coefficient of variation
**

Significant in probability level of 1%
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In Figure 88, the percent of pure and im
mpure materialls separation ddiagrams are giiven for constaant frequenciess and
the effectss of amplitude and slope on ppercent of stigm
ma separation have been investigated. In F
Figure (8-a) the
e best
separationn point has occuurred in slope of 10˚ and am
mplitude 7 micrrons with averrage stigma sepparation of 90.63%
and impurrities percent of
o 23.12%. Inn Figure (8-b),, for having thhe highest perrcent of purityy versus the lo
owest
percent off impurity and by
b comparing percent of pure and impure ppercent diagram
ms, it is concluuded that amplitude
of 7 microons with slope 10˚ had thee best separatiion. With com
mparing the tw
wo Figures (8--a) and (8-b), it is
understoodd, that for two mentioned freequency with sslope of 10˚, am
mplitude of 7 μ gives a reasoonable answer.

(a)

(b)

Figuree 8. Pure and im
mpure separatiion percent in constant frequuencies of 30, 335 Hz at seconnd combination
n
with each other in a constant slope
s
In graphs oof Figure 9, peercent of puress and impures sseparation havve compared w
and the efffects of frequeency on each percent of sepparation have been investigaated. In Figuree (9-a), the hig
ghest
stigma sepparation is in frequency
f
of 35 Hz and ampplitude 7 μ witth an average oof 90.63% andd impure perce
ent of
23.12%. C
Considering thee above pointss, in Figure (9--b) the best sepparation has beeen performed in frequency of
o 30
Hz and am
mplitude 5 μ wiith an average of 89.75% andd percent of im
mpurity 47.68%
%.

(bb)

(a)

Figgure 9. Pure annd impure sepaaration percentt in constant sllopes of 10˚, 15˚ at second combination
W
Tunnel-O
Oscillating Sepeerator
3.3.3 Geneeral State of Wind
The mean values for genneral state is ggiven in Tablee 10. Accordinng to the Tablee 10, it is khow
wn that the hig
ghest
stigma meean is related to
t experiment of 6 with 92..04% stigma sseparation andd the lowest im
mpurities perce
ent is
related to eexperiments off 4 and 3 with 14.14% and 15.45% impuritties separationn, respectively..
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Table 10. S
Stigma and im
mpurities seperaation percent iin second geneeral combinatioon
Test No.
N

Stigma p
percent

Impu
urities percentt

1

81.588%

33.07%

2

73.533%

28.30%

3

83.744%

15.45%

4

86.299%

14.14%

5

79.977%

21.28%

6

92.044%

48.06%

7

75.01%

36.88%

8

82.088%

25.39%

Stigma annd impure sepaaration percentt have been shhown in Figurre (10-a). Maxximum separattion with minimum
impurities has clearly ideentified in expperiments of 3 aand 4. In Figurre (10-b) by coomparing the vvalues of impurities
and puritiees of experimeents 3 and 4 can be found thhat experimentt of 4 has the best result beccause of more total
initial sam
mple and low percent of impuurities versus tthe high pure ppercent. After experiment off 4, experimentt of 3
has the besst response to stigma separattion.

(a)

(b)

Figuree 10. Pure and impure separaation percent inn second generral combinationn
ments
With compparing of 2 genneral states of eexperiments, itt can found thaat stigma separaation percent inn most experim
of second combination iss more than firrst combinationn, so second coombination caan be the good state. Combinating
the two seeperators in one separator device which coompromise the vibration withh air blowing, will have the good
response liike these statess. In both com
mbinations, freqquency of 35 H
Hz, amplitude 7 μ and slope of 10˚ has the good
responses.
4. Conclussion
Based on tthe present papper following cconclusions arre drawn:
1) In the w
wind tunnel, thhe velocity of aair is varied inn the range of 11.9-3.5 m/s andd 1.9-3.7 m/s rrespectively att first
and secondd combinationn.
2) The besst response of separation in ffirst and seconnd combinationn was in the exxperiment of 4 with frequency of
35 Hz, am
mplitude 7μ andd slope of 10˚.
3) The iniitial bulk of saample is one oof the parametters that affects on separatioon which we can control it by a
valve.
with a longest oone, we can exxpect the stigm
ma separating to be increase
ed by
4) If the ooscillator plate is changed w
increasing the time of thhe separation.
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5) Petals can separate in stage of oscillator. Removing the petals can performe by creating obstacles such as a
number of thin rods with same distance and parallel that place on the oscillating separator in several rows.
6) The type of feeding is important in seperation, if we change the feeding type or large chute dimensions, that
we can expect that Concentration and accumulation of components don’t repeat again in wind tunnel.
7) If obstacles against the stigma vibrating is reduced, the separation time decreases with high quality separation.
8) Combinating the two seperators in one separator device which has the vibration frequency of 35 Hz,
amplitude 7μ and slope of 10˚ and air blowing in the range of 1.9-3.7 m/s , will have good response like these
states.
9) Output of each seperators has stigmas with stamens, so using electrostatic separation can be effective in
separating these two components.
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