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Abstract. For many years, the Kazan State Agrarian University has been engaged in research to find new highly
effective technical solutions for processing seeds of various crops in the conditions of agricultural producers. One
of these developments is a machine for removing the husk from the seed of the aeromechanical type. A distinctive
feature of these machines is using in the design an additional working body, made in the form of a mesh confusor,
located on the exhaust pipe of the fan-thrower. The aim of the work is mathematical modeling of the movement
of achenes in the working areas of aeromechanical devices. The study uses the positions of gas dynamics and
analytical geometry. The size and direction of the air flow in the working areas of the seed material are influenced
by the geometric parameters of the main working bodies. According to the mathematical solutions, it can be seen
that the components of the air flow velocity in the transverse and longitudinal directions change along the length
of the confusor. And to determine the parameters of the movement of the achene in the working areas of machines
for removing the husk from aeromechanical seeds, it is necessary to know the physical, mechanical and
technological properties of seeds, the parameters of the air flow, as well as the structural and technological
parameters of the surfaces of the main working bodies. The resulting mathematical models describe the movement
of the seed air mixture in the working area, with a numerical solution on a computer you can get a graphical image
of the trajectory of the movement of seeds in the confusor, which allows to build a nomogram for calculating the
parameters of the confusor and segment, thus justifying the main design and technological parameters of the
machine for removing the husk from the seed of the aeromechanical type.
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Introduction

Research into new high-efficiency technical solutions for the production and processing of seeds of
different crops will be initiated for many years, both in Russia [1-5] and in various countries of America
[6] and Eurasia [7-9]. When processing sunflower seeds, one of the important technological operations
that determine the quality of the products obtained is peeling - separation of the outer bran of the seed
from the core. There are many machines for performing this operation, which differ from each other
both in the way of influencing the processed product and in the design features of the working bodies
[6-9]. One of these developments is an aeromechanical huller, a distinctive feature of this machine is
the use of additional equipment, the design of the working body is made in the form of a mesh confusor,
which is located in the exhaust pipe of the fan-thrower [10; 11]. Many scientists have been engaged in
theoretical studies of seed movement in the air flow and interaction with working surfaces [12-18]. At
the same time, the task of substantiating the design and technological parameters of the mesh confusor
that affect the collapse efficiency remains relevant, since little attention is paid to the theoretical study
of the interaction of the seed air mixture with its surface. Studies on justification of the optimal opening
angles of the confusor were conducted earlier [19].

The aim of the work is a theoretical study of the process of movement of the seed air mixture in the
working areas of the aeromechanical huller machine, the interaction of the mixture with the working
surfaces of the confusor and construction of appropriate mathematical models.

Materials and methods

In the study of the movement of the seed air mixture, the provisions of gas dynamics and analytical
geometry are used. A significant factor affecting the quality indicators of the process collapsing (hulling)
are the forces acting on the seeds in the working area, when they interact with the surfaces of the
confusor. They depend on the design parameters of the confusor and on the nature of the air flow. To
analyze the trajectory of the seed air mixture and its interaction with the working bodies of the
aeromechanical huller, it is necessary to study the scheme of movement of sunflower seeds in the air
flow after reflection from the working surfaces of the confusor (Fig.1). Let us consider the differential
equation (1 and 2) of the movement of sunflower seeds in the air flow in a fixed plane coordinate system
XQOY [20; 21]:
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where m,— mass of one seed, kg;
F, — area of the mid-section of the seed, m?;
p, — density of the air flow, kg-m3;
k, — coefficient of resistance of the sunflower seed;
9, — projection of the air flow velocity on the axis of OX, m-s?;
Uy, — projection of the seed velocity on the axis of OY, m-s™;
U, — projection of the seed velocity on the axis of OX, m-s%;
9, — projection of the air flow velocity on the axis of OY, m-s;
g — acceleration of free fall, m?-s™,
Fig. 1. Analysis of movement of sunflower seed in the confusor
of the aeromechanical type huller: 9, ; — velocity of air flow
We solve equations (1, 2) taking into account the initial conditions for t 0 = 0 [22]:
_ _ kyUpsinp
U = A = 228 cos(B + ), (3)
k, Upsin B .
Uy = B = TL=2Esin(f + v), 4)

where U, — speed of the seed at the moment of impact, m-s;
k,- — coefficient of recovery of the seeds at impact;
y — angle between the direction of the speed of the seed and the face of the confusor,
degrees;
B — angle of opening of the confusor, degress.

Due to the fact that the geometric shape of sunflower seeds is not spherical, then for further
calculations we use the concept of equivalent diameter — the diameter of a spherical body, the volume
of which is equal to the volume of one seed. In addition, equations 1 and 2 (on the right side) contain
the absolute values of the relative seed velocities, and after their conversion, the ratio of the seed velocity
and the air flow velocity must be taken into account.

Since the air flow can increase the speed of the seeds, and can also slow them down, then when
opening the corresponding modules, we introduce the designation k., — the windage coefficient:

ky = Filrle ()

where p — density of seed.
Taking into account the above, equations (1) and (2) will take the form:

au,
ar kw(ﬁx - Ux)zx (6)

1502



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 26.-28.05.2021.

2 = k(8- U,)" — g, )

When moving sunflower seeds in the air stream, the direction of movement of which coincides with
the direction of movement of the seeds, i.e., when U, < ¥,,U, < ¥, —the windage coefficient takes
the sign plus, otherwise-minus. If the air flow velocity is assumed to be constant (ﬁa_f = const) and
directed along the X-axis (19x = g5, 0y = 0), then equations (6) and (7) are solved analytically.

After integrating equations (6) and (7), we obtain:

Vy—A
Ue = O~ Gm et ®
-9 —_ 9B

Uy = by kwt(9y—B) + 1’ ©)

After simple transformations we get a dependence that allows us to calculate the trajectory of the
achene:

1 1—e Vkw 1 1 1—e Ykw
x = E(ln *oB + Ao —In A—ﬁa.f) + Vo R (10)

The magnitude and direction of the components of the air flow velocity change along the length of
the confusor, depending on its geometric parameters. We investigate the nature of the interaction of the
air flow with the faces of the confusor (upper and lower) in a certain cross section x. In this cross section
(Fig. 2), the area of interaction of the air flow with the confusor faces is in the intervals from (xtgp) to
(h — 2xtgp). Here, the direction of the air flow velocity deviates by a certain angle a, which varies
from B to — 8, and in the central part of the channel is zero [22].

7)

f

A — — - — - — —

Fig. 2. To determine the values of the angle of inclination of the direction of the air flow velocity

In further calculations, the change in the value of the angle o is assumed to be proportional. Consider
a straight line passing through the points C and D (Fig. 2) and write down its equation:

y—xtgB _ a-B
h—2xtgB = -2B’ (11)
Solving equation (11), we obtain the value of the angle a:
_ h-2y
a = h—2xtgﬁﬁ' (12)

We write down the equations for determining the longitudinal and transverse components of the air
flow in the confusor:

Uy = 9(x)cosa; 9, = I(x)sina. (13)
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The narrowing of the confusor channel is necessary to increase the average speed of the air flow
moving in it. The change in the average speed of the air flow when moving in the confusor, taking into
account its rectangular base, permeable side faces and the constancy of the air flow, can be determined
by the following formula:

ﬁhSh = 19(X)Sx + szﬁa, (14)
where 9, — velocity of the air flow at the base of the confusor, m-s*;
S, — cross-sectional area at the base of the confusor, m?;
9(x) — velocity of the air flow in the confusor at a distance of x from its base, m-s?;
S, — cross-sectional area of the confusor at a distance of x, m?;

9, — average velocity of the air flow through the side faces of the confusor, m-s*;
S.¢ — area of the side face of the confusor in the area from its beginning to the point x, m?.

The flow rate of air passing through the surfaces of the confusor is determined by taking into
account its live cross-sectional area:

Q.,(x) = 19a(x)xkl_5.[h + b+ x(tgﬁp + tgﬁ)]. (15)
where k; ; — coefficient of the live section;

h — cross-section height at the base of the confusor (h = h,,, where h,, — height of the
discharge pipe of the throwing fan, m);

b — width of the base of the confusor (b = B,, where B,, — width of the discharge pipe of
the throwing fan, m).

Thus, taking into account the impact of the confusor parameters, the components of the air flow
velocity can be calculated using the following equations:

9, = Onbh=Ssf Pa cos( A2y ﬁ), (16)

(h—2xtgB)(b—2xtgByp) h—2xtgp
_ Ipbh—Ssf Vg . h-2y
193’ - (h—2xtgB)(b—2xtgByp) sin (h—thgﬁ B) )

Results and discussion
The analysis of the above shows that the components of the air flow velocity in the transverse and
longitudinal directions change along the length of the confusor, depending on its geometric parameters.

Then the mathematical dependencies for determining the parameters of the movement of the achene
in the working areas of the aeromechanical huller will be written in the following form:
dx Uy—A

@ = (49)
L .
aw = U kwt(9y—B) + 1’ (19)

These equations can only be solved numerically on a computer using special software that provides
a graphical representation of the trajectory of the seeds in the mesh confusor.

As a result of numerical solutions of equations (18) and (19), graphical images of the trajectories of
the movement of sunflower seeds are made (Fig. 3).

Thus, the study of the movement of the seed air mixture in the working area of the aeromechanical
type of huller and the interaction of the seeds with the working surfaces of the confusor allowed us to
obtain the corresponding equations of motion, which made it possible to display the trajectory of the
seeds graphically. Analyzing the obtained trajectories of movement of sunflower seeds in the confusor
of an aeromechanical type huller, it is necessary to note a decrease in the speed of the movement of
seeds at a distance of 0.3...0.4 m from the base of the confusor, and this distance does not depend on the
zone of entry of the seeds into the confusor, therefore, the length of the confusor is recommended to be
used up to 0.25...0.35 m, taking into account the need for the seed to fly out of it and hit the reflective
plate in the form of a segment of a sphere.
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Fig. 3. To determine the length of the confusor: 1 — edges of the confusor; 2 — trajectory of the

achene at h = 0 m; 3 —trajectory at h = 0.03 m; 4 — trajectory at h = 0.06 m;
5 —the trajectory at h = 0.09 m; 6 — trajectory ath =0.12 m

Conclusions

1.

2.

3.

A dependence is obtained that establishes the relationship of the air flow velocity with the design
parameters of the confusor and some physical and mechanical properties of sunflower seeds.

On the basis of the conducted studies, the dependences characterizing the direction and nature of
the movement of sunflower seeds and the air flow in the confusor are obtained.

Based on the numerical solution of mathematical models, the graphical representation of the
trajectories of sunflower seeds in the working areas of the device allowed us to determine that the
length of the confusor of the aeromechanical seed grinder should be within 0.25...0.35 m.
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