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ABSTRACT
I. Some physical, mechanical and aerodynamic properties, as: seed
dimensions (length, width and thickness), mass, density, and projected
area, terminal velocity were measured. Drag coefficient and Reynolds
number for Soybeans (Giza 21) seed varieties were also estimated. These
parameters must be considered for increase of separation accuracy of a
product from its associated foreign materials. The dimensions of seed
(length, width and thickness) ranged as: 4.9 — 8.39, 3.29 — 7.58 and
241— 6.52 mm respectively .The average data and coefficient of
variation, the relation between (length, width and thickness) were
estimated .Two screens 3 and 7 mm round hole sizes to separate > 84 %
of the product were recommended, to separate large and small size
contaminants. The seed mass of grain 0.218 g., with11.78 % c.v. Through
the average value of 1000 kernels was 220 grams. The seed bulk density
was 771 kg/m®. The bulk density is used and considered in hopper and
conveying capacity. Seed projected area of soybeans varied from 36 to
54 mn with average of 43 mm’.
II- The terminal velocity of the seed was measured at 13.81 m/s . On the
other side, the terminal velocity of the foreign materials for soybean was
5.38m/s. The air velocity for separator is recommended to be 10 m/s.
Drag coefficient (Cd) of seed was estimated at 0.46, as it considered in
separation of the foreign ,dead ,immature ,light and broken seed, which
are different from those of good seed.
The ( Re ) calculated was 387 — 745, with an average of 597 which
corresponds to laminar flow.
INTRODUCTION
oybeans (Giza 21) variety is one of the important o0il seed crops in
S Egypt. The cultivated area is about 120 thousands feddans. One

feddan produces about 1.25 — 1.50 ton of seeds . The seed content

is about 20% oil and 40% protein. (FAO 2010).

*Lecture of Agric. Eng.; Faculty of Agric.; Al-Azhar Uni. (Cairo)

The 18%. Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 - 47 -



PROCESS ENGINEERING

Soybeans are used as base of many manufactured food products,

The seed physical properties, such as dimensional (size) and, specific
gravity are used in separation between the desirable and undesirable
seeds, to give the most efficient operation.

Mohsenin (1984) mentioned that the physical properties of materials such
as shape ,size and surface or projected area are important in many
problems associated with design or development of specific machine.
Analysis of the behavior of the product in separation of grain is among
the important design parameters in conveying of solid materials by air on
the assumption of the shape of the materials .Accurate estimation of
frontal area and the related

diameters are essential for the determination of terminal velocity, drag
coefficient ,and Reynolds number.

Awady and El Sayed (1994) stated that when air stream is used for
separation of a product from its associated foreign materials, knowledge
of terminal velocity of all the particles is involved for these reasons.
Terminal velocity has been used as an important aerodynamic
characteristic of

material in such applications as pneumatic conveying and separation
from foreign materials.

Khairy and Nakib (1989) found that the differences between suspension
or terminal velocity of hulled mixture components of sunflower seed
were small and equal to 0.3, 0.8 and 1m/s for hulls, broken kemels,
unshelled kemels resp. This is due to the slight differences of properties
of the mixture components.

The aim of this work is to study some physical, mechanical and
aerodynamic properties as seed dimensions (length, width and thickness)
mass, density and projected area , terminal velocity. Drag coefficient and
Reynolds number for Soybeans seed were estimated. These factors must
be considered to increase separation accuracy by selection of air velocity
relative to grain.
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MATERIALS AND METHODS
o Materials:
Through the present study, some physical and mechanical properties of
Soybeans (Giza 21) were investigated .The mentioned properties may be
utilized as engineering parameters for the design and development of
cleaning and grading machines, planters and handling equipment.

* Instruments:

1. Terminal velocity apparatus:

The apparatus used in this study is (as used by Awady and El Sayed
,1994) shown in the Fig.(1). It consists of an electric blower which
discharges air into a transparent tapered tube fixed at outlet side of
blower through an below. A screen is fitted at a bottom of the tube of 8x4
cm cross section. A choke

valve is built as the bottom of the cyclone to control the air flow rate, The
choke valve is manually adjusted by the control lever.

2. Anemometer:

TRI-SENSE, Hygrometer, Anemometer, thermometer, model no. 37000-
00 code — Parmer Instument, Vernon Hills, USA made was used for
measuring the air velocity.

3. Electronic digital vernier caliper:

Used for measuring the dimensions of grain and their associated foreign
matters .The range of reading is 0.01 to 150 mm, with an accuracy of
0.05 mm. :

4. Electric digital balances:
Two types of electric balances were used in this study to measure the
mass of samples.

- The first type was used in determining particles mass with an
" accuracy of 0.lmg.
- The second one, with an accuracy of 0.1 gram was used in
determining the mass of large samples.
5. Stop watch:
Used to measure the time in seconds during tests.
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- Fig. (1): Termlnai velocity apparatus.

Methods:

Physical and hanical properties of seed :

The properties of seed have to be considered for designing or developing
a local seed cleaning and grading machine, or planter. Some properties
were studied for Soybeans (Giza 21) .The studied properties of the seed
were : seed size (dimensions) length , width , real and bulk density
Jprojected area ,terminal velocity ,drag coefficient ,Reynolds numbers
,external friction angle ,and angle of repose ,moisture content and grain
hardness.

Sample of about 500 grains was taken randomly from seed lots in order
to determine the mentioned properties at air dry storage moisture content
of (14-18%).

1. Seed dimensions: Fig (2)

Seed dimensions are considered in the design of disk pockets of
mechanical precision planters and in proper adjustment of conveying
system, cylinder clearance and screen opening .Dimensions of material
under study were measured by electronic digital vernier caliper with an
accuracy of 0.01 mm. The three dimensions measured for grains or seeds
were the length (L), width (W) and thickness (T) in mam .Fig (2) shows
the shape and the three mutually perpendicular dimensions L, W and T of
seed.

&
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¢~ Saybeans grain dmenims.

Fig. (2): Shape and the three dimensions, Length (L), Width (W),
and thickness (T) of the studied grains.

2. Seed mass:

The seed mass (M) of the individual sced was determined in (g) using an
electric digital balance with an accuracy of 0.1 mg.The measurement was
replicated for 100 kernels which were taken randomly for each variety.

3. Mass of 1000 kernels:

Estimating mass of the seed is needed to facilitate bagging operation for
screened commodity and also for precision planting operation .The same
balance was used to determine the mass of counted samples of the
investigated crop. Grain was counted manually .The work was replicated
four times,

4. Seed real - density:

Density is considered in determining the capacity of the seed hopper and
conveying unit of the seed cleaner .It is expressed as mass per unit
volume. :

Real density was measured for a random sample of 100 grains .Real
volume of grain was measured as increasing in 5 ml. sodium nitrate
solution.
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5. Seed bulk density:

Property was calculated for the grains of the soybeans crops, dividing the
mass by its bulk volume, which was measured by using graduate
cylinder. The considered values are the average of four recorded
replicates.

6. Air terminal velocity:

The determination of air terminal wvelocity and drag coefficient
characteristics is needed to estimate the behavior of sced and other
materials in air stream to establish  blower design. The terminal is
velocity required to suspend a particle in a vertical air stream in the test
apparatus fig.(1).Terminal velocity of the investigated crops was
measured ,where the particles under study were placed at the front of the
blower on a net at the inlet side of transparent tube .Afier operating the
blower, increasing the blower speed by closing gate slowly and gradually
until the air stcam suspends the particle in the vertical active part of the
transparent tube. The measured air velocity in the case represents the
terminal velocity of the particle. The velocity is recorded when the
material was floating in the air stream.

7. Seed drag coefficient: _
The drag coefficient (Cd) of the seed was calculated according to the
following equation (Hexing, 1989, Awady and El Sayed ,1994).

Fd = ¥4 (Cd.Ap pa V?) =Mg.
Fd: the drag Force, M: Mass, G: gravity.

Ap: Frontal area of partiéle, pa = air density.
V: relative air velocity and Cd: drag coefficient.
8. Reynolds number:

Reynolds number characterizes the nature of the flow: laminar, turbulent
and transitional. It was calculated from the following equation :

Np.-V: d pa/p
Where: Ng. : Reynolds Number, dimensionless.
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Vi terminal velocity of the particle m/s.
pa: The density of the air 1.28 kg/m®.
j: dynamic viscosity of air 18x 10 p,

9. Seed projected area:

Projected area of sample of 100 grain was plotted to measure by using a
digital photo camera and the seed picture was exported to ” autocad “
program. The value of projected area of seeds were measured with an
accuracy of 0.001 mm. The results obtained determine the variation of
the seced that was considered in the developed separating unit and
precision planter. '

RESULTS AND DISCUSSION
Separation for seed processing is based on differences in physical,
mechanical and aerodynamic properties between desirable, undesirable
seed or contaminating weeds or other crop seed.
1- Seed dimensions:
- Figs (3) and (4) show the grain dimensions, frequency and cumulative
distribution of soybeans dimensions (length, width and thickness).
- The results shows the standard deviation, coeffient of variance, the
range and arithmetic mean for grain dimensions (length, width and
thickness) for hundred soybean seed (Giza 21) .The length of seced
reneged between 4.9 and 8.39 mm with std. Dev (0.65) and C.V (9.85).
The mean was 6.56 mm. The thickness of the seed ranged between 2.41
and 6.52 mm.
- Figs (5) and (6) show the relationship between length and width, and
between thickness and width for soybean seeds. The grain length (L)
varies directly with (W) according to the equation: L = 1.367W +1.483.
The grain thickness (T) varies slightly with (W) according to the
equation:
T = 1.03W + 1.39, since 84% of the seed ranged between > 6 and < §
mm. in width ,passed through holes of top screen of 8mm and nut holes
at bottomn screen of 6 mm, as recommended to grade soybeans .
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"Fig.{ 6 13 Relationship butween thickness and width for
soybeans seeds { Glza 21)
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2- Seed mass (individaal and 1000 kernels):

Data presented in fig (7) showed that the mass of individual grains of
soybean (Giza 21) varied from 0.16 to 0.29 g with a mean of 0.218 gram
and c.v. of 11.78% .The average value of 1000 kernels of four replicate
was 220g. Moreover, the grain mass and projected arcas are effective
properties for acromechanical separators. Estimating mass of seed is
necessary in seed packing process, also to determine the required mass of
seeds for planting a limited area, where the plants per area are calculated
by the number of seeds. :

gttt i

s (Giza 21)

o

Fam am aw em em .
 Fig,( 7 ): Distritiution chirve of grali tags {g) for voybesns
3- Seed real and bulk densities:

The values of the true and bulk densities were found to be 1358 and 771
kg/m?. Density is considered in determining the capacity of seed hopper
and conveying unit of the seed cleaner and seeder design.

4- Seed projected area:

Fig (8) shows the results of measurement of projected area of soybean
seed in mm?® of individual grains, which had been measured due their
dimensions. '

The grain projected arca (A) varied from 36 to 54 mm? with mean of 43
mm?’ and c.v. of 9.42 % .The calculated grains projected area (A) was
found to vary from 30 to 49 mm?® with a mean of 37 mm’® and c.v. of
17.50 %.The results are considered in developing of separating unit and
precision planter design or development.

5- Terminal velocity:

The sample was placed on the screen of the terminal velocity apparatus
.Air velocity was gradually increased at increments of 0.05m/s.The air
velocity, as the particles floated was measured .The terminal velocity

The 18%. Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 _ 656 -



PROCESS ENGINEERING

ranged from 9.6 to 14.6 m/s with average of 13.81 m/s and c.v. 10.86 %
(fig.9). The terminal velocities of the individual weed, light and
immature seeds are such lower than the velocity for the individual good
seed. The terminal velocity for the contaminants in soybeans, which
ranged between 2.35 and 8.35 with average of 5.38 and c.v. 0f 25%.
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Flg. (9) Teriminal velocity frequency curves for grams and foreign
materials for soybeans (Giza 21).

6- Drag coefficient of seeds:

Drag coefficient of (Cd) for the sample of 100 grains was calculated,

which ranged from 0.35 to 0.82 with average of 0.46 and c.v. 23.53%.

7- Reynolds number of seeds:

The effect of particle dimensions on terminal velocity can best be

represented by the Reynolds number (R.). The R, plays an important role

in characterizing the nature of the flow ( laminar ,turbulent or

transitional). R, for soybeans ranged between 387 and 745, with average

The 18", Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 . 657 -



PROCESS ENGINEERING

of 597 and c.v. 14.96. According to the value obtained flow, is

turbulelent around the seed (much less than for flow inside pipes)

8- Relationship between the mass of parhcles and aerodynamic

properties:

The obtained data for seeds were plotted against the corresponding

terminal velocity of the seed for soybean. The relationship was found to

be positive linear as shown in fig.(10). These results are supported by

those obtained by Khairy and Al-Nakib (1989), Awady and El-Sayed

(1994), who reported that the terminal velocity of the particle was highly

affected by the mass .

Particle mass and drag coeﬁiclent :

The drag coefficient (Cd) value was calculated for soybeans under study

under equilibrium state. The obtained data were plotted against the

corresponding mass of particle (9). This relationship was found to be

negative on curve as shown in fig (11). It is clear that the drag coefficient

decreased as the seed mass increased. This result was-in line with those

obtained by Awady and El-Sayed {(1994).

a. Particle mass and projected area:

The obtained result is shown in fig (12) for the crop under study. The

relationship was found to be positive and linear. It is clear that the

projected area is highly affected by the seed mass.

b. Particles terminal velocity and projected area:

The obtained data for seed projected area is plotted against the

corresponding terminal velocity (m/s). This relationship was found to be

positive and linear as shown in fig.(13) .It is evident from the data, that

the terminal velocity of seed decreased as the projected area increased.

This finding in agreement with those of Ahmed and Korayem (1988),
Awady and El-Sayed (1994) who reported that the terminal velocity
of the particle was highly affected by projected area of particle.
Particle drag coefficient and Reynolds number:
The seed drag coefficient (Cd) and Reynolds number (R.) values for
four crop grains of soybeans (Giza2l) was calculated under
equilibrium state. The obtained data for seed drag coefficient (Cd)
were plotted against the corresponding (R.). The relationship was
found to be negative as shown in fig (14). It is evident from the data
that the seed drag coefficient (Cd) decreases with increasing (R.).
The results are supported by those obtained by Sitkei (1986) , who
reported that, the (R.) of seed increased with decreasing drag
coefficient. .
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