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Abstract. Aerodynamic seed separators are the simplest and most bionically grounded. Therefore, it is necessary
to use exactly such machines for separation, having previously increased their efficiency. It is determined that not
enough attention has been devoted by scientists to justification of parameters and operation modes of vertical free-
fall aspiration machines and influence of the electric field on the working process of such separator. We propose
an experimental unit of an aspiration seed separator with a dielectric channel. In it, seeds are separated and
dispersed according to their specific mass when falling in a counter air flow, as well as when interacting with an
electric field. The effective length of the dielectric aspiration channel of the separator is one of the important
technical parameters. It has a critical influence on the seed separation process. The hypothesis assumes that, if the
vertical channel length is short, there will be little splitting of the vertical seed trajectory. As a result, this will lead
to the negative effect of the migration of poor quality light seeds of the technical fraction into the seed fraction.
The value of the input voltage on the outer surface of the dielectric aspiration channel of the separator also has a
significant influence on the total quality of the separator function. As a result of the interaction, the light seeds,
closest to the side walls with the bifilar coil, begin to split their vertical trajectory additionally by the force of
electrical attraction when they are moving from top to bottom. Therefore, in the course of the experimental research
the rational value of voltage feeding on the electrodes of bifilar coil located on the outer surface of separator’s
aerodynamic channel is found. The article presents methods and results of laboratory research and calculations of
rational length of the dielectric aspiration channel of the separator and rational value of the feeding voltage on the
bifilar coil. As a result of researches the dependence of the radius of seed dispersion on the length of the vertical
dielectric channel of the separator was obtained. The analysis of the parameters of the proposed installation is
given. The obtained experimental parameters allow developing a concept of the aspiration seed separator with a
dielectric channel, which will improve the quality of seeds and reduce the cost of seed preparation.
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Introduction

The use of modern intensive farming technologies is one possible way of increasing the profitability
of crop production. Such technologies place high demands on seeds, as it is one of the factors increasing
the yields. Separation of the most biologically valuable seeds from the total mass is a reliable way of
increasing crop yields. It allows an additional 10-25% yield compared to unseparated seeds [1-3]. This
also applies to sunflowers, both cultivar-population and small-seeded hybrids. Scientists in many
countries of the world are concerned with the problems of seed separation [4-8]. The existing designs
of sunflower seed separation machines with different operating principles have a number of drawbacks
that reduce the quality of seed separation as a result [2; 9].

However, not enough attention has been devoted by scientists to substantiate the parameters and
modes of operation of vertical free-fall aspiration machines, also the influence of the electric field on
the working process of such a separator has not been considered [9]. When separating sunflower seeds,
it is planned to use an aerodynamic separator with a dielectric coil at the stationary point. It is supposed
that seeds are taken from the hopper by the feeder through the inlet pipe to the aerodynamic vertical
channel with dielectric strand. At falling of seeds inside the channel under the action of gravity, the air
stream and the electric field created by a dielectric coil, placed on the outer surface of this channel,
which has been made of plastic, are sucked up towards them. As a result of the interaction of
aerodynamic and electric forces, a splitting of the vertical trajectory of the seeds with their subsequent
redistribution in the fraction of specific-heavy seeds and specific-light seeds takes place. To justify the
basic engineering and technological parameters of the proposed separator it is necessary to carry out
experimental research in order to confirm the results of theoretical studies.

Materials and methods

An experimental installation of the proposed seed separator with a dielectric channel has been
designed and manufactured. The source of the air flow of the separator is an axial fan 8 (Fig. 1). A
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vertical channel 6 is attached to the fan. On the surface of the dielectric channel 6 there is a bifilar coil
10 with two single wires connected to the power supply 11. In the lower part of the separator, in the
place of seed output from the dielectric channel 6, is placed a divider 9, which can be two- or three-stage
(respectively divide into 2 or 3 fractions). Seed fractionation sections are made as steel pipe elbows
(similar in design to the air duct elbows with 90° rotation angle).

The elbows of the fraction divider are placed at an angle of 90° with each other, and consequently
the elbows pass through each other by means of openings. The smaller diameter elbow, which is inside
the larger diameter elbow, forms the divider for selecting the most biologically valuable seeds into
fraction |. Respectively, the larger diameter elbows are used to select from the separated seeds into
fractions Il and I11.

Fig. 1. Scheme of experimental installation of aerodynamic seed separator: 1 — hopper; 2 — hopper
support; 3 — dielectric channel frame; 4 — main bearing frame 5 — seed inlet pipe; 6 — plastic tube of
vertical dielectric channel; 7 — bottom bracket of dielectric channel; 8 — fan; 9 — dividing unit for
separated seeds; 10 — bifilar coil of dielectric channel; 11 — high voltage source for bifilar coil

In the upper part of the central part of the section axis of the dielectric vertical channel there is a
seed input tube 9. The seed inlet tube is installed with an inclination to the side of seed sliding, enters it
from the hopper 8 and feeds seed to the point of inlet (Fig. 1). The seed feeding device from the hopper
— hopper feeder has a regulating flap, which in the process of operation has the possibility to change
operatively the amount of seed feeding by overlapping cross-section of the hopper outlet 1.

The aerodynamic seed separator works as follows. From the hopper 8 the seeds pass through the
feeder (which has a regulating flap), from where they are fed through the seed inlet pipe 10 to the elbow
9. As a result, the seeds are fed strictly in the center of the vertical section axis of the upper part of the
dielectric aspiration channel 4 with the bifilar coil 10 (Fig. 1). The axial fan through the feed regulator
and fixed in the upper part of the dielectric vertical aspiration channel of the separator generates a
vertical air flow directed towards the seeds falling from above, i.e., the air flow moves from bottom to
top [9-11]. Seeds, when falling in the air stream, as well as when interacting with the electric field
(created by the bifilar coil 10 fed by the high voltage current source 11) are separated and dispersed
depending on their specific weight. The most biologically valuable, specific-weight seeds do not change
their trajectory downwards, so they fall without dispersion in the minimum diameter spigot of fraction
I. Specific light seeds have a non-ideal surface shape, low specific weight and as a result fall into
fractions Il and I11.
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Rational length of the vertical aspiration channel of the separator is one of the important
constructive parameters having defining influence on the process of seed separation [9; 12]. If the length
of the vertical channel is not enough, low value of splitting of vertical trajectory of seeds will be
obtained, as a result, it will lead to negative effect of migration of low-quality specific light seeds of
technical fraction Il —to seed fraction I. Thus, the length of the vertical dielectric channel of the separator
must have a rational value.

To determine a rational value of length of the separator’s vertical dielectric channel during
experimental research we will make series of researches according to the following procedure.
Determine a rational airflow rate inside the separator vertical channel. We will set the air flow speed in
the middle of the vertical dielectric channel of the separator by changing the rotation frequency of the
axial fan. Control the speed by means of the electric meter of low air flow speed. The value of the supply
voltage on the outer surface of the separator dielectric aspiration channel also has a significant influence
on the overall quality of the developed separator. When the vertical trajectory is divided by a
counterflow of rational speed, the lightest seeds come close to the side walls, where they are additionally
affected by the electric field of the bifilar coil, formed by coiling an isolated wire with electrodes of
electric polarity alternating with each other. As a result of the interaction of the closest to the side walls
with the bifilar coil, the specific light seeds start to split their vertical trajectory additionally by the force
of the electrical attraction when they move from the top to the bottom. Thus, in the course of
experimental research it is necessary to establish a rational value of supply voltage at the electrodes of
the bifilar coil, located on the outer surface of the aerodynamic channel of the separator. For each value
of the supply voltage on the bifilar coil is necessary to measure the absolute distance of the split radius
of the vertical trajectory of the seeds, by measuring the distance from the nearest side wall of the
projection of the outer diameter of the vertical channel to the target for seed fixation. After measuring
the distance by repeating the experiment three times, we plot the average value of the distance of the
seed trajectory from its own weight interval.

An experimental prototype of a vertical dielectric separator channel with the possibility of changing
its length is presented for research (Fig. 2). An electromagnetic controlled valve 3 is installed in the feed
tube 4, which will open the lower end of the electromagnetic relay at the right time, and the seeds inside
the feed tube will fall inside the vertical dielectric channel.
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Fig. 2. Schematic diagram of installation for investigation of rational length of vertical dielectric
channel of separator: 1 — electric motor; 2 — axial fan; 3 — electromagnetic valve;
4 — feed tube; 5 — bifilar coil; 6 — spigot; 7 — fixing target

In the research, inside the feeder tube 4 (Fig. 2), unseparated seeds of the previous fraction at the
right time, when the air flow of the required speed and there is a rational value of the supply voltage on
the bifilar coil 5, with an electric voltage of 12V, the relay will open the electromagnetic valve 3, and
the seeds will fall into the working cavity of the vertical channel.
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As aresult of the interaction, seeds of different specific weight will split their vertical trajectory and
hit the fixing target 7.

By measuring the maximum radius of separation of the most specific light seeds, when the distance
of seed flight is increased from 0.3 m to 0.9 m, a diagram will be plotted and a conclusion about the
rational length of the vertical dielectric flow of the separator will be concluded.

Researchanddiscussion

As a result of the experimental research, a diagram of the dependence of the distance between the
seeds with the lowest specific weight and the speed of the air flow inside the vertical aspiration channel
of the separator was plotted (Fig. 3).
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Fig. 3. Diagram of split vertical trajectory distance of specific light seeds in dielectric channel as
function of flow speed: 1 — mass 0.05-0.055 g; 2 — mass 0.055-0.06 ¢

On the results of the diagrams obtained the conclusion was made that the rational value of the air
flow speed in the middle of the vertical separator channel is the speed close to the critical one of the
most specific light seeds, i.e. 3.5-4 m-s.

The data obtained in the course of the experiments were used to plot (Fig.4) the dependence of the
separation distance of specific-light seeds with self-weight interval of 0.05-0.055 g and 0.055-0.06 g on
the value of the feeding voltage of the bifilar coil of the outer surface of the separator aspiration channel.

As a result of analysis of the diagram in Fig.4, a conclusion is reached that a preliminary accepted
rational value of the supply voltage of the aspiration channel bifilar coil of the separator is in the range
3.5-5kV.

At putting the supply voltage of 3.5-5 kV we get additional splitting of the vertical trajectory of the
heaviest seeds in the range 11.4-12.8%.

However, since the value of the supply voltage from 4.5 kV and above leads to sticking with
subsequent retention on the inner surface of the vertical dielectric aspiration channel most of the
specific-light seeds, the rational value of the supply voltage bifilar coil is accepted 3.5-4kV.

In the course of the experimental research on determining the rational length of the dielectric
aspiration channel of the separator, on the basis of the obtained data the diagram of dependence of the
separator’s seed dispersion radius on the length of the vertical dielectric channel (Fig. 5) was plotted.

Analyzing the data in Fig. 5, it is found that the most rational length of the vertical aspiration
channel of the suggested separator is 0.8 m with the speed of air flow inside this aspiration channel with
the dielectric coil in the range 3.5-4.0 m-s*, because the change of the trajectory of heavy seeds is much
more than light ones. Consequently, the heavier seeds will fall into the valuable fraction. It is at these
values of the length of the vertical aspiration channel with the dielectric coil of the separator (effective
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length between the seed input device, the feeding tube and the lower end of this channel) that the
difference in the seed dispersion radius is 10-12 mm.
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Fig. 4. Diagram of the dependence of the splitting distance of the vertical trajectory of specific
light seeds in a dielectric channel with air flow of 4 m-s™onthe value of the supply voltage
fabifilar coil: 1 — mass of 0.05-0.055 g; 2 — mass of 0.055-0.06 g
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Fig. 5. Diagram as function of vertical channel length
for seed dispersal radius (specific-light)

During the experimental research of the presented aerodynamic separator with a dielectric coil for
comparative analysis a pneumogravitational separator of sunflower seeds was taken as a prototype [9].
In both studies sunflower seed of the cultivar-population was used. Since only specific-heavy seeds to
be used for sowing are of value, light seeds weighing less than 0.059 g were not studied. The fractional
composition of seeds was from 0.059 g to 0.099 g. During the research of the prototype, the following
results were obtained: the rational value of air flow rate in the middle of the vertical separator channel
—5.5m-s?, the rational length of the channel —0.8 m, with a capacity of 90 kg-h [9]. In the investigation
of the presented aerodynamic separator with dielectric winding it was found that the rational capacity
of the separator is 107 kg-h, at that the length of the vertical dielectric channel of the separator was
also 0.8 m, the speed of the air flow in the dielectric channel was 4 m-s*. That is, the separator capacity
has increased with the reduction of the energy capacity of the fan.

Conclusions

The results of the experimental research allow to create algorithmic models and software to
calculate the main structural and technological parameters of the proposed aerodynamic separator. These
methods will allow to make calculations and produce industrial samples of separators of the developed
type with given capacity not only for different sunflower cultivars, but also for other oilseeds.
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The developed and obtained graphical and textual recommendations will allow to carry out
technological adjustment of existing machines, which will be manufactured for separating of sunflower
seeds with specified parameters.
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