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Abstract: The mathematical description of the motion of particles of grain mixture in the chamber, air separator gravity under the action of
a pulsating flow of air of variable speed. An trajectory of particles of different sizes. The resulting equations of motion of particles under the
action of a pulsating flow of air to determine the dependence of the velocity of material in grain liquefied air layer of material on a number
of factors: the geometric parameters of sieve openings, the angle of presentation, initial the kinematic mode material index kinematic mode
sieves and sails share ratio. Theoretically reasonable technological possibilities of the proposed method of separation of grain by the action
of air flow and impact on established technological performance parameters: air speed factor with regard to living sectional thickness of

material entering the channel.
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1. Introduction

Air separation (separation and purification of grain mass) is
one of the most common methods of postharvest processing of grain
mixtures of different cultures. To implement an air separation using
pnevmoseparatory those have a simple design and compact and
reliable operation. Existing structures pneumatic of the separation
job of separating the grain mixture aerodynamic properties of the
particles only into two main fractions: heavy and light. Seeds that
have high critical rate - has the best biological properties. It is
therefore advisable to use air flow to separate seed into several
factions.

2. Preconditions and means for resolving the
problem

Because they are used for clearing of small impurities, or for
re-division of the size or density, when introduced material in the
air flow equal density particles are separated by size or same size by
density. Thus there is a stable relationship between the critical
velocity and their biological properties [1, 10, 11]. Seeds that have
high critical rate - has the best biological properties. It is therefore
advisable to use air flow to separate seed into several factions. The
emergence of new structures air separators [4, 5, 6] with the lower
zone of separation and discharge of certain factions allows manner
of separating by trajectories [2, 3, 7, 8] and pneumatic gravity
canals seed treatment machines is a promising area of improvement.

Review of existing technologies and facilities for grain material
separation air flow and analysis of the results of their research [9,
12, 13] revealed the following. Vertical pnevmo sifter used for grain
processing enterprises are usually separates two fractional material
as a mixture of [14 ,15, 16] the difference of the resistance of air
environment different factions grain material. To separate grain
mixture into several factions in the air stream used inclined pnevmo
chanel[17, 18, 19] and principles pnevmo insertion separated by
stuffing the grain mass in the cylinder primary suction or airflow.
Separation occurs as a result of the difference in air resistance
components of the grain mixture (mass), cast with a fairly large
initial velocity.

Found that the most influential technological efficiency
separation on [19, 20] factors are: the aerodynamic properties of the
material and unit load on air channels; air flow characteristics and
geometry of the channel; provided input grain mixture in an air
stream. But as the experience of the operation [20, 21] defining
characteristics pneumatic separating system is the speed and angle
of feed grain material in the channel (air flow) and parameters
distribution element.

Improving the quality of grain separation materials in vertical
air channels can be achieved by improving the way in feed grains
and airflow optimization of the flow. The most effective [14, 17,
19] presentation of the material with a thin layer. To realize such a
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filing by use of rotary and rotary surfaces (cone, sphere, paraboloid)
whose external surface area increases when removed from the top.
In the process of movement on such a surface thickness of the grain
decreases in airflow may enter individual grains.

In the literature are divergent data on parameters input material
in the channel - the angle at which the material is introduced in the
channel and speed o vg: 0 °-10 °,0,2-05m/s [5,6];0°0,7m/
s[11];,0°-10 °, 0,2-0,8 m / s [ 14 ]; since these parameters,
according to experimental data, significantly affect the process of
separating the criterion deflection trajectories of particles of
material as the top (with respect to the input) and the lower zone of
the channel, it is appropriate, based on a single methodological
approach to identify the impact of primary traffic conditions and
particle separation treatment on the quality of separation.

3. Results and Discussion

Sort grain mixes air flow is known to be based on the ability of
individual particles do different opposition air environment at their
relative motion, depending on the physical properties. In practice,
air separation to characterize the properties of a complex indicator -
the coefficient of sails (wind conductivity) having a dimension and
is determined from the expression:
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Cx(Re) - dimensionless drag coefficient is a function of the

Reynolds criterion; P — air density; ™ , 3 — mass and cross

section area Midelevoho particles; Yziz — speed congratulations
class of particles.

As a simulation model of the separation process commonly
used in the art knowledge [20] differential equations of motion of a
particle in a medium with (Nyutonovskym) resistance:
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v - air speed in the channel, m/ s;

Vo - velocity when entering the stream, m/s;

ag - angle velocity particle stream at the entrance to hail,
Yy, X - coordinates of a particle, m;

T - time, s; g - acceleration of gravity, m/s?;
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Define the concept of separation efficiency and separation
sharpness. If separation of cereal seeds main task exception process
or ingress "substandard factions" (a light, broken, empty, etc.) In
selected seed. Therefore, the definition of separation could take a
percentage of the number of substandard products in the selected
seeds:

My — My

4) = 100

L

My, Myt - humber of selected seeds and the number of
substandard grain selected fractions, kg.

To determine rational values of speed and angle of presentation
in the channel and air channel in the magnitude of the differences

and trajectories criterion of efficiency, a series of numerical
experiments with such variables angle input material.

According to the results of numerical simulations to plan three
factorial experiment received adequate mathematical model
regression process of separating binary mixtures of grain by weight
and speed greetings (m; = 0,04 « 10 kg; Vg1 =7.9m/s;m; =
0,025 + 10° kg; iy, =6.2m/ s):

(5) Ax(mgugu) = ~0,088 +0,003 -0+ 0,024 -u - vy —0,001 - @y vy + 0,002 -2

—3-107% vy — 6131075 oy’

(6)&[ay up0) = 0583+, 0171y + 0,158y -1, =0,008 @y + 0,007 %= 0,002 vy - 441075

According to the mathematical regression models constructed
response surface (Fig. 1).

Fig. 1. Surfaces response deviation trajectory factions in the
place of unloading Ax (a) and the criterion of efficiency ¢ (b): airflow speed 1 —v =55m/s; 2—v=50m/s; 3—-v=45m/s;

The effect of increasing the difference in the trajectories of
output channel is increased by increasing the feed rate of particles
in the air flow to the values of 0.5-0.6 m / s air velocity close to the
speed of light fraction greetings at an angle of 40 ° -50 °.

The speed of air in the channel in the specified range has little
effect on the value of the maximum deviation of the trajectory. For
channel radius R = 0.2 m value Ax = 0,08 m, x2 = 0.2 m and to
channel radius R = 0,1 m: Ax = 0,05 m, x2 = 0,09 m, respectively
equal performance criteria g; = 0,4 and g, = 0,55.

Analysis of the studies revealed major shortcomings and areas
for improvement process separation grain materials. Implement the
required parameters of presentation of the existing air flow conical
distributor [20] is not possible. Therefore, to ensure speed east in a
wide range of change (0,4-0,9 m / s) at the corners - 10-80 °
appropriate to apply the distributors in the form of rotating surfaces
where generators has the form of variable radius curve. As the
velocity of the particles along the bearing surface in the area of East
depends on the initial velocity, the latter can be used as a control
parameter.

Increase airflow (close to the size of the removal of light
particles) have a positive impact on increased efficiency by dividing
a deviation trajectories within 4,5-6 m / s almost no effect on the
"theoretical" value deviations. But the actual process of separation
flux of different sails with increasing air velocity on particles begin
to act, the forces that arise due to asymmetrical flow of particles
(irregular) - Forces [21] of the "forces of Zhukovsky," rejecting the
particle in a random direction, which reduces efficiency division.
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To avoid this negative phenomenon advisable to increase the speed

zone (input material in the channel), and the bottom of the channel

air speed reduced. You can use such a conical annular channel [21].
As the speed of air flow in the direction of the material

linearly:

(7 U, = up —a-yit

Uy - air velocity, m/ s; vy, - air velocity at the beginning of a
particle, m/s; a - speed reduction ratio.

Deviations trajectory in the zone of intense separation is much
steeper trajectory and the value of splitting this increases, increasing
the efficiency of separation.

Fig. 2. shows the trajectory of particles of grain material at a
constant height channel airflow and at a linear speed reduction
along the stream.

4. Conclusions

The analysis of theoretical studies established the possibility of
increasing the efficiency of separation grain materials on
aerodynamic characteristics and the proportion of particles through
intensification and increased efficiency in the separation of the grain
mixture application for division of air flow in passive sieve mixes.
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Fig. 2. Trajectory factions at a constant airflow (a) and linear decrease airflow height (b):
1 - light fraction vy = 11.8 m /' s; 2 — heavy fraction vy = 12.1m/s;

5. References

1. Kuzmych A. Y. Justification of parameters and modes of
separating surface air-cleansing combines harvesting / AJ K. //
Author. dys.kand.tehn.nauk. Glevakha .: 2013 - 18 p.

2. Stepanenko S. P. Determining the impact speed immersion
in grain seed mixtures flow separation on the overall quality of
seeds / S. P. Stepanenko // Bulletin steppe (scientific journals).
Kirovograd .: Central Ukrainian publishing. 2005. - P.121-123.

3. Kotov B. I. Theoretical background of intensification
pneumatic vibration separation grain material on sieves / B. I.
Kotov, S. P. Stepanenko // Design, production and operation with
Gd machines. Kirovograd. - 2005. - Vyp.35. - P.209-214.

4. Alferov S. A. Air-cleaning sieve combine harvesters / C. A.
Alferov /[. M .. - Agropromizdat, 1987. - 159 p.

5. Petrenko N. N. On the possibility of using pulsed airflow to
the air-cleaning grated grain heap. Woroch / N. N. Petrenko, I. V.
Marchenko, K. N. Marchenko // Design, production and operation
with Gd machines. Kirovograd. - 2002. - Vyp.32. - P.117-121.

6. Petrenko N. N. Analysis of the grain separation process on
the grid in a medium pulsating airflow / N. N. Petrenko, I. V.
Marchenko, K. N. Marchenko // Design, production and operation
with Gd machines. Kirovograd. - 2003. - Vyp.33. - P.141-149.

7. Kotov B. I. Separating seed mixtures / B. |. Kotov //
Bulletin of Agricultural Science. - 2004. - Ne5. - P.55-58.

8. Kotov B. I. Identification parameters loose environment in
the state on experimental data / B. I. Kotov // Proceedings of the
National Agrarian University. - K .: 2003 t.HV. - P.161-163.

9. Burkov A. I. Grain-cleaning machines. Design, calculation,
tests. / A. I. Burkov, N. P. Sychugov // - Kirov. Agricultural
Research Institute SV. - 2000. - 261 p.

10. Malis A. J. Machines for cleaning grain flow / A. Y.
Malis, A. R. Demidov //. - M. Mashgiz. 1962. - 240 p.

11. Nelyubov S. A. Pneumoseparating system of agricultural
machinery / S. A. Nelyubov, E. F. Winds //. - M - Mechanical
engineering. - 1977. - 192 p.

12. Zlochevsky V. L. The intensification of the process of
aerodynamic separation grain materials // Abstract. dis ... Dr. tehn.
Sciences. - Novosibirsk CO .: SibIME of Agricultural Sciences. -
1986. - 35 p.

145

13. Stepanenko S. P. Investigation of air separation annular
seed in separator / S. P. Stepanenko // Bulletin HNUSH. - Kharkov.
- 2008. - Vyp.75, v.1. - P. 59-65.

14. Abduyev M. M. Justification separator parameters of
inclined air channel to separate mixtures of grains / M. M. Abduyev
/I Author. thesis ... candidate of engineering sciences. - Kharkiv,
2007. - 21 p.

15. Goncharov E. S. Provisions improvement of air separation
grain materials / E. S. Goncharov // Mechanization and
electrification of agriculture, 1971, Ne 18. — p. 30 - 37.

16. Goncharov E. S Mechanical and technological study and
development of universal vibration grain separators / E. S.
Goncharov // Abstract. Dis. ... Doctor. tehn. Sciences, - M .: 1986. -
33p.

17. Shvydia V. O. Theoretical study of aerodynamic
separation process grain / V. O. Shvydia // Proceedings swiftly
Tauride Agrotechnological ~State  University. Melitopol:
Tavricheskiy State Agrotechnology University, 2010. - Vol. 10, T.
5.-P.56 - 63.

18. Kotov B. I. The results of experimental studies grain
separator with improved experimental disc / B. I. Kotov, S. P.
Stepanenko, V. A. // Swiftly Coll. Science. works Kirovograd
National Technical University - Vol. 23. - Kirovograd: KNTU,
2010. - P. 250 - 257.

19. Develop technical and technological bases improve
separation of grain and seed set of physical and mechanical
properties. Scientific report: In 2 t. - Glevaha: NSC "IAEE", 2008. -
156 p.

20. Kotov B. I. The theory of separation of grains in the air
stream / B. I. Kotov, S. P. Stepanenko, V. A. Swiftly, J. G. Smith //
Design, production and operation of agricultural machinery. A
national interdepartmental scientific and technical collection. Vol.
39. - Kirovograd, 2009. - P. 209-214.

21. Stepanenko S. P. The mathematical model of the motion
of grain in a conical aspiration channel / S. P. Stepanenko, V. O.
Shvidi //  Mechanization and electrification of agriculture
[Nationwide collection]. - 2015. - Vyp.2 (101). / [NSC "IAEE"]. -
Glevakha, 2015. - P.108-115.

YEAR |, VOLUME 2, P.P. 143-145 (2017)





