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In this study, some physical properties of Gokge chickpea (registered variety)
and Spanish chickpea (local population) variety cultivated in Konya Province
were determined. Flow rates of chickpea varieties were detected at four differ-
ent conveyor channel angles (24°, 28°, 32° and 36°) and on three different
surfaces (galvanized sheet, painted sheet and steel sheet surfaces). Length,
width, thickness, geometric mean diameter, sphericity, repose angle, thousand
grain weight, bulk density values of Gokge chickpeas at 8.90% moisture level
are 10.09 mm, 7.34 mm, 7.74 mm and 8.30 mm, 0.82, 18.04°, 364.6 g and
746.82 kg m™ and for Spanish variety at 10.40% moisture level are 12.16 mm,
8.22 mm, 9.01 mm, 9.65 mm, 0.79, 16.01°, 481.96 g, 690.21 kg m™ were
determined respectively. These varieties, the static friction coefficient values
on galvanized sheet, painted sheet and steel sheet surfaces were found to be
0.335 and 0.351, 0.401 and 0.445, 0.388 and 0.435, respectively. Flow rates
increased as the channel conveyor angle increased on galvanized sheet, painted
sheet and steel sheet surfaces. The increase rates for Gokge and Spanish chick-
peas on these surfaces were 207% and 189%, 630% and 522%, 291% and
202%, respectively. When the surface averages are taken into account, average
flow rates of 1.69 kg s on the galvanized sheet surface, 1.24 kg s on the
painted sheet surface and 1.54 kg s on the steel sheet surface were obtained
and found to be statistically significant. The difference between the surfaces is
due to the roughness values of the surfaces. The lowest average roughness
value was found on the galvanized sheet surface (1.13 um), and the highest on
the painted surface (2.06 um). According to the triple interaction results, the
highest flow rate value was obtained on the galvanized sheet surface and the
conveyor angle of 36° in both chickpea varieties, and the lowest flow values

were obtained at the conveyor angle of 24° on the painted sheet surface.

1. Introduction

Chickpea (Cicer arietinum L.) is a plant cultivated
and produced among the edible legumes in our country.
It is generally produced in arid and semi-arid regions.
In addition to this, it is the most resistant to salt among
the edible legumes. With this aspect, chickpea is one of
the legumes that can be preferred in crop rotation sys-
tems to be applied in places where salinity is a prob-
lem.

Chickpea is the most resistant to heat and drought
among legumes. It can easily grow in soils with low
organic matter, and it has an important place in reduc-
ing fallow areas by entering crop rotation in our arid
regions where winter grain-fallow rotation is applied.

*Corresponding author email: sonmete@selcuk.edu.tr

Chickpeas are an important source of protein.
Chickpea, which is also rich in carbohydrates, vitamins
and minerals, has a versatile consumption area as edi-
ble, snack and animal feed. Chickpea seeds contain
29% protein, 3% fiber, 59% carbonhydrate, 5% oil and
4% ash. Although chickpea is deficient in the sulfur-
containing amino acids cystine and methionine, it is a
rich source of arginine and lysine (Igbal et al. 2006).

Edible legumes have positive effects on soil fertility
as well as their high protein content. They are taproot
and form a symbiosis with Rhizobium spp. bacteria and
bind the free nitrogen of the air to the soil (6.4-21.6 kg
da® pure nitrogen). The fact that the C/N coefficient of
plant residues remaining after the harvest of edible
legumes is quite low increases the importance of these
plants (Karakulluk¢u and Adak 2008).

The cultivation area, yield and production values of
chickpea in dry agriculture in Turkey and Konya are
given in Table 1. When the data of 2020 are examined,
it is seen that chickpea is cultivated on an area of 5 115
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607 da in Turkey and there is a total production of 630
000 tonnes. Chickpea cultivation area in Konya Region
constitutes 7.17% of the cultivation area in our country

Table 1

and meets 7.95% of its production, and its yield value
is approximately 111.4% higher than the average of
Turkey.

Cultivation area, yield and production values of dried chickpeas in Turkey and Konya (TUIK 2021)

Cultivated area (da)

Yield (kg da)

Production (tonnes)

Years Turkey Konya Turkey Konya Turkey Konya
2016 3595289 213707 129 151 455 000 32139
2017 3953099 246 491 120 143 470 000 34 586
2018 5144 159 351 518 123 139 630 000 48 845
2019 5205951 336 196 122 139 630 000 46 858
2020 5115607 366 721 123 137 630 000 50112

Nowadays, more local varieties are grown and put
on markets. These varieties are also used in breeding
studies to develop new cultivars. Production of local
cultivars does not be compatible organic farming prin-
ciples as these are grown by using conventional farm-
ing systems.

Physico-mechanical properties of chickpea play a
significant role in designment of storage structures and
selection of storage material (Kashaninejad et al.
2006).

Physical properties and the orifice shape of the ma-
terial influence the flow rate of the material. While the
unit weight has an impact on compressibility and inter-
nal friction angle of grain, the shape of the grain and
distribution are important in terms of flowability (Fitz-
patrick et al. 2004).

In most studies, it has focused on the flow rate of
material, the relationship between material properties
and flow rate and regularity of flow in different orific-
es. For example, it has been investigated by Mohsenin
(1986) that factors affecting grain flow such as silo
geometry, orifice height diameter ratio and shape. And
also, the equation describing the grain flow rate has
been formed.

Turgut et al. (1994 and 1995) determined the flow
smoothness of triple super phosphate and diammonium
phosphate fertilizer in various orifices. They found that
the flow smoothness of triple super phosphate fertilizer
was significantly influenced by the shape and openness
of the orifice. The most irregular output occurred in
rectangular orifices and in the small voids. They con-
cluded that the flow rate of diammonium phosphate
fertilizers, in terms of orifice shape and the base angle
was affected, and the height of the storage material has
no effect on the flow rate.

Degirmencioglu et al. (1998) developed a model for
the flow of fertilizers and seeds through orifices of
different sizes and shapes under the influence of gravi-
ty, by using dimensional analysis. Dimensionless terms
were created in accordance with the Buckingham Pi-
theorem and the estimation model was developed with
multiple regression analysis and the estimation coeffi-
cient of the model was found to be 92.3%. The most
important variable in the model was the angle of the
orifice with the horizontal and it was determined that it
could explain 61.5% of the variation in the obtained
data.

Degirmencioglu et al. (1999) measured the flow
rate of granular fertilizers (urea, TSP and ammonium
nitrate) and wheat and corn seeds from circular and
sharp-edged (non-circular) orifices in laboratory condi-
tions on a mass basis. They developed a new prediction
model to estimate the flow rate from larger holes using
stepwise regression analysis and determined the predic-
tion coefficient of the model to be 94.7%.

Elaskar et al. (2001) obtained velocity profiles by
recording images during the flow of sorghum through
rough and smooth channels. They determined that the
velocity increased by 113% when the surface of sliding
slope angles increased from 18° to 38°. In addition,
they reported that the maximum velocity occurred at an
inclination angle of 37°, and the flow rate increased by
377% when the inclination angle increased from 30° to
37°.

Akar (2003) stated that natural flow rates of okra
cultivars such as Amasya and Sultani depending on
channel shape, flow angle and moisture content. In the
study, it was determined that the increase in moisture
content caused a decrease in the flow rate for both
varieties, and the natural flow could not be achieved at
a slope angle of 30° depending on the moisture content.
It has also been reported that the highest natural flow
was obtained in the experiment performed in the gal-
vanized steel channel.

Karacabey et al. (2009) a model developed for the
flow of fertilizers and seeds under the effect of gravity
through orifices with different shapes and cross-
sections was analyzed with the genetic algorithm ap-
proach, which is one of the solution methods, and they
determined the measures that provide the highest mate-
rial flow of trapezoidal orifices. As a result of the op-
timization, different sizes were determined in trapezoi-
dal orifices with the same area, and 42-1280 kg h*
increases were achieved in the flow of seed and ferti-
lizer material for orifices with a cross-sectional area of
2000 mm?, 7800 mm?, 17600 mm? and 31400 mm?
used in modeling.

Soliman et al. (2017) Jasmine (long) and Sakha
(short) three different varieties of rice seeds in their
study examined the flow properties depending on the
variables in 3 groups. In the first group, three different
diameter openings (6, 8 and 10 cm), in the second
group three different openings and 4 different angles
from the elbow (15°, 30°, 45° and 60°) and in the last
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group three different holes and five different slopes (0°,
15°, 30°, 45° and 60°) and three pipe lengths (0.5, 1
and 1.5 m) determined the natural flow properties of
rice grains. The highest fluidity factor was obtained as
4.193 in White Sakha 103 variety with a surface fric-
tion coefficient of 0.30 us, a spherical value of 0.540,
and a thousand-grain weight of 21.80 g.

Arikaymak and Haciseferogullart (2021) reported
that the flow was seen on all surfaces and at all channel
angles in the Horoz dry bean variety. Furthermore, in
Sarikiz and Basara varieties, flow occurred on the
painted sheet surface at 24° channel angle, while in
Sarikiz variety, there was no flow on the flat sheet
surface at 24° channel angle. Among the cultivars, the
highest average flow rate (1.61 kg s*) occured in
Horoz dry bean cultivar and such a flow rate was most-
ly achieved by surface profile and grain physical char-
acteristics. The greatest flow rate was obtained from
360 conveyor channel angle (2.01 kg s?). Surface
roughness affected flow rates and the greatest flow rate
on galvanized sheet surface with the lowest surface
roughness was measured as 1.66 kg s™. In line with
these findings, it was revealed that the physical proper-
ties of the cultivars, the channel roughness and angle
affected the flow rates.

In the present study, some physical properties of
two chickpea varieties, which are Gokge (registered
variety) and Spanish (local population) chickpea varie-
ties cultivated in Konya Province, were determined and
natural flow rates of these chickpea varieties on differ-
ent flow surfaces and angles were detected.

2. Materials and Methods

In the trials, Gokce and Spanish chickpea varieties,
all of which are cultivated in the Konya region, were
used. The thousand grain weight of crops was meas-
ured on electronic balance (accuracy of £0.001 g). In
order to measure the thousand grain weight, 100 grains
of each variety were randomly selected as three replica-
tions. Dimensional properties of grains were measured
by using a micrometer with an accuracy of 0.01 mm.
Sphericity (®) and geometric mean diameter (Dg) val-
ues were calculated using the following equations
(Mohsenin, 1986).

Dg = (LWT)¥3
®=Dy/L
Where,
Dy : Geometric mean diameter (mm)
® : Sphericity (-)
L :Length of grain (mm)
W : Width of grain (mm)
T  :Thickness of grain (mm)

The materials were slowly and freely poured on a
flat surface to determine the angle of repose. The
spilled materials formed a cone on the surface. The
angles of repose were determined by calculating the

tangent value (internal friction coefficient) of the hori-
zontal angle of this cone.

Each crop was poured into a one-liter glass vessel
with a velocity of 12 seconds per liter. After shedding
the excess crop up to the vessel, the remaining crop
was weighed. The bulk density was determined by
dividing the weight of grain by the volume of the ves-
sel.

The coefficient of static friction was measured on
painted sheet, steel sheet and galvanized sheet surfac-
es. In this measurement, one end of the friction surface
was connected to the endless screw and the chickpea
grain was placed on the surface and gradually raised
with the screw. During the sliding movement of the
chickpea grain on the surface, the horizontal and verti-
cal height values were read from the ruler and record-
ed. Afterwards, the static friction coefficient was calcu-
lated by using the tangent value of the angle found.
Baryeh (2001) and Gezer et al. (2003) have used simi-
lar methods in their researches.

The experimental test unit used in this research was
designed specifically and the flow rate values were
determined using it. This test unit consists of a cylin-
drical feeding hopper cone-shaped with a capacity of
five liters, it has a discharge slide valve that can be
opened easily at the bottom of the hopper and a con-
veyor channel. The channel conveyors which have
three different surfaces such as steel sheet, galvanized
steel sheet and painted steel sheet and have a 0.5 m
length were used in the experiment. Inside radius and
overall inside depth of the channel conveyor are 53 mm
and 78 mm, respectively. A special structure is made to
support the channel and hopper. A schematic view of
this experimental test unit was shown in Figure 1.

Discharge slide valve

Angle adjustment lever

Support legs Conveyor channel
Figure 1
A schematic view of natural flow test unit

During the trials, after a cone-shaped hopper was
filled with material, the discharge slide valve cover at
the bottom of the storage was opened, and the digital
chronometer was operated simultaneously. When all
material passed to the channel conveyor, the chronome-
ter was stopped and the elapsed time was determined.
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These values were divided by the mass of the material,
and the natural flow rates were determined as three
replications.

There are three values to define surface roughness:
R; (the measured roughness value), Ra (the mathemati-
cal average roughness value), and Rmax (the biggest
surface roughness). Rz, Ra and Rmax values were meas-
ured by using profilmeter device (measurement range
of 0-150 um, Marsurf brand) repeated three times (Fig-
ure 2).

|/

i

Figure 2
Profilmeter device measuring roughness on painted
sheet surface

In the statistical analysis of the data obtained, vari-
ance analysis was applied using the MINITAB 16
program, and LSD analysis was performed by using the
MSTAT-C package program to determine the different
groups.

3. Results and Discussion

The mathematical mean roughness values (Ra) of
the galvanized sheet surface, the steel sheet surface,
and the painted sheet surface were found to be 1.13,
1.20 and 2.06 respectively. Some physical properties of
dry chickpea cultivars used in the study are given in
Table 2. The length, width, thickness, geometric mean
diameter and thousand-grain mass values of the grain
were found to highest in the Spanish chickpea cultivar
as 12.06 mm, 8.22 mm, 9.01 mm, 9.65 mm and 481.96
g, respectively.

In the same chickpea cultivar, sphericity, natural
repose angle and bulk density values were determined
to be the lowest at 0.82, 18.04° and 746.82 kg m=3. The
coefficient of static friction values for the galvanized
sheet, the painted sheet, and the steel sheet surfaces
varied from 0.335 to 0.445. The lowest values of coef-
ficient of static friction were obtained from the galva-
nized sheet surface, and the highest values of coeffi-
cient of static friction were obtained from the painted
sheet surface.

When the results of the research are compared with
the other studies carried out with chickpea varieties in
Turkey, it is seen that the sphericity value of the
Kogbag1 variety is higher (87.58%) at the moisture
value of 5.2% (d.b), and the length (9.34 mm) and
width (7.72 mm) value is lower than Gokg¢e and Span-
ish (Konak et al. 2002).

Length, width, thickness, thousand-grain weight of
Black Kabuli chickpea seeds were reported 6.85 mm,
5.08 mm, 4.72 mm and 100.18 g respectively, static
friction coefficient values were also reported 0.172 for
stainless steel and 0.282 galvanized iron surfaces.
These values were lower than Spanish and Gokge
chickpea varieties (Giirhan et al. 2009)

It was determined that the sphericity and bulk den-
sity values of llc-482 and Diyar-95 chickpea cultivars
were higher as 86.2% to 795 kg m and 89.8% to 792
kg m?, respectively (Giirsoy and Giizel 2010).

The natural flow rate values for different surfaces
and channel conveyor angles were shown in Table 3.
By increasing the channel conveyor angles, the natural
flow rate values increased on all surfaces. It is seen that
the flow rate is low in both chickpea varieties at a
channel angle of 24° on the painted sheet surface. The
reason for this is that the static friction coefficient val-
ue on the painted sheet surface is more. The less of the
natural repose angle of the Spanish variety chickpea
was effective in obtaining higher flow rates at all sur-
face and transmission angles. The angle of repose of
the granular material is important in the design of
transmission machines.

Table 2

Some physical properties of chickpeas

Properties Gokge chickpea Spanish chickpea
Moisture (%) 8.90 10.40
Length (mm) 10.09+0.07 12.16+0.09
Width (mm 7.34+0.07 8.22+0.07
Thickness (mm) 7.74+0.06 9.01+0.08
Geometric mean diameter (mm) 8.30+0.056 9.65+0.069
Sphericity (-) 0.82+0.005 0.79+0.004
Angle of repose (°) 18.04+1.06 16.01+0.78
Thousand grain weight (g) 364.6+0.73 481.96+6.36
Bulk density (kg m?) 746.82+5.83 690.21+16.29
Coefficient of static friction

Galvanized sheet surface 0.335+0.014 0.351+0.010
Painted sheet surface 0.401+0.015 0.445+0.015
Steel sheet surface 0.388+0.010 0.435+0.012
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It is shown that the different channel angles of dif-
ferent dry chickpea cultivars and the natural flow rates
obtained on the transmission surface in Table 3. Ac-
cording to the variance analysis results applied to these
values, a statistically significant relationship was de-
termined between the triple (p<0.10) and all other pa-
rameters and their interactions (p<0.01).

When the averages of chickpea cultivars were ex-
amined, the highest flow rate was 1.55 kg s in Spanish
chickpea cultivar and 1.43 kg s* in Gokge chickpea
cultivar, and the difference between them was statisti-
cally significant (F=88.11). Low repose angle and grain
surface profile were effective in obtaining high flow
rate in Spanish chickpea variety.

Table 3

Flow rates increased as the channel conveyor angle
increased on galvanized sheet, painted and sheet metal
surfaces. The increase rates for Gokge and Spanish
chickpeas on these surfaces were 207% and 189%,
630% and 522%, 291% and 202%, respectively. Con-
sidering the surface averages, mean of flow rates of
1.69 kg s on the galvanized sheet surface, 1.24 kg s
on the painted sheet surface and 1.54 kg s* on the steel
sheet surface were obtained and found to be statistical-
ly significant (F=444.43). The difference between the
surfaces is due to the roughness values of the surfaces.
The lowest mean of roughness value was found on the
galvanized sheet surface (1.13 um), and the highest on
the painted sheet surface (2.06 um).

Natural flow rate values of chickpeas for different surfaces and channel conveyor angles (kg s2)

Channel conveyor angles

24° 28° 32° 36°
Galvanized sheet surface
Gokgee chickpea 1.01£0.01, 1.51£0.01¢ 1.89+0.02 2.094+0.11,
Spanish chickpea 1.13£0.01p 1.7440.034 1.9840.02p 2.1440.04,
Painted sheet surface
Gokgee chickpea 0.3020.01k 1.11£0.01p 1.59£0.02¢ 1.8940.02
Spanish chickpea 0.37£0.01k 1.13£0.01p 1.61£0.01¢ 1.9340.02pc
Steel sheet surface
Gokge chickpea 0.66+0.04; 1.40+0.014 1.79+0.014 1.92+40.02p¢
Spanish chickpea 0.98+0.00, 1.6520.01, 1.9320.04p¢ 1.9840.02;

LSD=0.07221

When the averages of the angle values are evaluat-
ed, the flow rate value is determined as 0.74
kg s at the 24° channel angle and as 1.99 kg s at the
36° channel angle (F=1968.13). The high slope angle
caused an increase in the flow rate of the material and a
decrease in the flow depth of the material. Elaskar et al.
(2001) reported that the velocity of the sorghum grain
and the maximum depth of steady flow show an ap-
proximately linear relationship with the slope of the
channel.

According to the triple interaction results (F=2.27),
the highest flow rate value was obtained on the galva-
nized sheet surface and the conveyor angle of 36° in
both chickpea varieties, and the lowest flow values
were obtained at the conveyor angle of 24° on the
painted sheet surface.

4. Conclusions

Differences were found between the physical prop-
erties of the local population Spanish variety and the
registered variety Gokge chickpea seeds produced in
the Konya region. In order for the flow to be smooth in
both chickpea varieties, the channel angle must be
higher than the static friction coefficient value of the
grain on the relevant surface. This situation is especialy
important on surfaces with high roughness values. As a
result of the trials, we can state that the periodic clean-
ing of the channel surface has a positive effect on the
flow rate. In this research, experimental observations

are given regardless of a theory. In future studies, ve-
locity profiles of the grain should be revealed and flow
characteristics should be determined.
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