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Abstract. The operating and geometric parameters of the seed movement
in the centrifugal distributor of pneumatic grain seeders were studied on
the basis of the equation of seed movement. The methodology of
evaluation of the non-uniform distribution of seeds between the seed tubes
is shown. The parameters of the centrifugal distributor that ensure minimal
unevenness are determined.

1 Relevance of the research

In recent years, pneumatic grain seeders have become widely used allowing to increase the
productivity of sowing units as well as to reduce operating costs [3, 5]. The main
disadvantage of existing designs of pneumatic grain seeders is the uneven distribution of
seeds between seed lines, which leads to overspending of seeds [4]. Kuban State Agrarian
University has proposed a design of a centrifugal seed distributor [1], which allows
reducing the unevenness of distribution along seed pipes. The design scheme of the
distributor requires a theoretical justification of the design and operating parameters based
on the equation of motion in the distributor.

2 Investigation of uneven distribution of seeds by a centrifugal
distributor

The particle movement in the centrifugal seed distributor of a pneumatic seeder is described
by the equation:

3C.u’p, sin 3 8R p,®°R, C0s(p, + wt)  8R p,R.0°
gt>  8R.p, 3C u?p, 3C.uZp,cos | @R, sin fBsin(p, + wt) 1
"2 wz M .

where C_ — coefficient of aerodynamic drag of a particle;
2, — air density, kg/m?;
u, — air velocity, m/s;
m, — weight of a single seed, kg;
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R, —radius of a single seed, m;

Pe — density of seeds, kg/m?;
a — angle between the speed direction of the point A at the entrance to the distributor,

deg;
S —angle between the direction of the absolute speed of the point A and the plane and

bottom of the distributor, deg;
@, — initial angular coordinate of the seed at the entrance to the distributor chamber,
deg;
R, —radius of the seed distributor
u, —air velocity, m/s;
@ —angular velocity of the seed, s?;
U — average air velocity, m/s;
g - acceleration of free falling m/s?;
t —time, s.

Equation 1 describes the relationship between the geometric and operating parameters of
the seeder, it is nonlinear and can be solved using a computer.

Ranges of variation of operating and geometric parameters of the centrifugal seed
distributor were selected on the basis of a priori information (table 1).

Table 1. Ranges of variation of operating and geometric parameters of the centrifugal seeder.

Parameter Value

Radius of the seeder

R m 0,15 0,20 0,25 0,3 0,35
6 1

Velocity of seed

movement u, m/s 5 10 15 20 25

To analyze the trajectories of seed movement, we placed them at the junction of the feed
pipe and in the chambers of the centrifugal distributor (figure 1). To simplify the
mathematical model, we assume that the seeds from all five points are immediately
involved in a rotational movement along the walls of the distributor chamber, descending to
the discharge pipes [2].

The initial angles of the seed's initial position at the point 1 ¢, are constant for the

distributor of any radius of the distributor and are equal % and the angles ¢,,¢,,, were

calculated using formulas 2 and 3 according to figure 1:

?, =arcsin[R5R_2rJ (2)

0

. [ R, —
go3,415=arcsm[ 6R r] (3)

0

The coordinates of points 1, 2, and 3 on the axis Z at the initial time are equal to the
height of the distributorh, the point 4 has a coordinateh—r, and the point 5 has a

coordinate h+r .
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@ ¢, P54 —angular coordinate of seeds relative to the axes XY ; h — height of the distributor on
the axis Z, r —radius of the inlet pipe; R, — radius of the seed distributor
Fig. 1. Coordinates of analyzed seeds.

The values of the initial seed position angles at points 1, 2, 3, 4 and 5 for different radii of
the centrifugal distributor are shown in table 2

Table 2. Values of the initial seed position angles.

R, m 0,15 0,20 0,25 0,3 0,35

@, rad 1,570 1,570 1,570 1,570 1,570
@, rad 0,486 0,644 0,748 0,823 0,881
@345, rad 0,823 0,927 0,997 1,048 1,088

To estimate the uniformity of the distribution of seeds between the seed pipes at different
regime and geometric parameters, we will substitute variable values in the transcendental
equation 1 [2]. By setting the height of the distributor, we can determine the time tin
which each of the five particles will overcome the height hfrom the inlet pipe to the
bottom of the chamber connected with the outlet pipes, which will allow us to determine
the final angle © at which the bottom will touch. The value of the angle © for all the points
under study is determined by the formula:

0, =¢ +ot, (4)

where i — number of the point
The values of the angle © at different modes for the five studied are shown in table 3.

To determine the probability of uneven distribution of seeds, we determined the final
scattering angle A®,,, — the difference between the largest and smallest angular angles ®
[6]. In figures 2 and 3 there were shown the graphs of changes A®, ., from the radius of the
distributor R, at different speeds of seed movement u, and from the speed of seed
movement u at different radii of the distributor R, .
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Table 3. Angle ® at different regimes.

R,,m | u,mss 0, 0, o, 0, o, A®,,,
5 20151 | 22934 | 25295 | 24006 | 26624 | 62,16
10 13301 | 7657 93,02 70,10 12166 | 6291
15 8,89 321,73 | 34889 | 31881 14,67 340,0
015 20 30398 | 24182 | 18475 | 89,64 33756 | 24791
25 34791 | 28574 | 31462 | 10457 2148 | 32642
30 1659 | 31443 | 357,80 | 10455 | 42,49 3412
5 31156 | 25129 | 271,80 | 25318 | 28756 | 60,27
10 12441 | 79,90 93,25 70,33 116,16 | 54,08
15 13,18 | 33726 | 34918 | 314,80 1926 | 33599
0.2 20 16455 | 11143 | 121,92 | 76,08 25370 | 17761
25 4615 | 35304 | 3074 | 35493 | 6655 | 32419
30 33073 | 27762 | 30243 | 8757 2,59 328,14
5 28435 | 23719 | 24716 | 23284 | 262,92 51,5
10 17312 | 10304 | 12877 | 77,20 168,88 95,9
15 8,89 321,73 | 34889 | 31881 14,67 340,0
0,25 20 77,58 30,49 58,50 31,00 86,01 55,51
25 13017 | 83,02 108,74 | 74,36 26344 | 18907
30 347,71 | 30056 | 32857 | 10856 9,83 337,88
5 95,73 52,93 71,27 62,84 79,17 42,79
10 10334 | 58,65 79,16 63,92 92,57 44,69
15 10436 | 61,50 82,99 65,80 105,91 44,4
03 20 10911 | 66,31 86,82 63,90 11741 | 5315
25 10915 | 66,30 93,51 64,86 12697 | 62,10
30 11298 | 7012 10020 | 6583 277,82 | 211,99
5 50,07 10,53 27,26 20,73 34,19 39,53
10 21,52 16,42 2,04 17,97 13,50 19,48
15 35091 | 321,81 | 34123 | 31963 | 35894 | 40,27
0,35 20 33927 | 29974 | 260,84 | 27229 | 34432 | 8347
25 11694 | 7741 11379 | 84,34 20060 | 12318
30 11694 | 7741 11379 | 83,89 180,77 | 103,36
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Fig. 3. Graphs of the change A®,,, from u at R, =0,15...0,35m

The design of the centrifugal seed distributor (figure 1) contains a bottom that is a ring
with 28 holes. We calculate the probability Q(A) that the scattering angle A®,, will

evenly distribute the seeds that entered the chamber through a single inlet pipe along the
ring by the expression:

QA =A§)ﬂ (5)
T

For ease of analysis, let's go to the probability of uneven distribution P(A) which is
determined by the formula:

P(A)=1-Q(A) (6)
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From the diagrams of the dispersion angle dependence, it can be concluded that under
certain modes and parameters of the distribution system, part of the seed flow from the two
pipes may not intersect, i.e. be independent, and others may intersect, i.e. simultaneously
affect the amount of uneven distribution [7,8]. Accordingly, for the case of non-intersecting
flows, the total unevenness of the seed distribution will be determined by the sum of two
irregularities, and for the case of intersection, it will be determined by the joint probability
of unevenness of the distribution of two seed flows.

Since two inlet pipes are involved in the distribution process, it is not necessary to add up
the probabilities of uneven distribution between the first pipe P(A)and the second

pipe P(B) . If the probability P(A) < 0,5is the sum of two probabilities calculated using
the formula:

P(AB) = P(A)P(B) )

In the case where the probability P(A) > 0,5 is the sum of two probabilities defined by the
expression:

P(AB) =1-Q(A)-Q(B) (8)

Table 4 shows the probability P(AB) of uneven distribution of seeds by a centrifugal

distributor at different operating and geometric parameters [9]. Graphs of the uneven
distribution of seeds by a centrifugal distributor from the radius of the distributor at
different speeds are presented in figure 4. Graphs of the uneven distribution of the speed of
seed movement at different radii of the distributor are shown in figure 5.

Table 4. Probabilities P(AB) of uneven seed distribution.

~n P(AB), %

u, m/s 0,15 0,2 0,25 0,3 0,35
5 65,40 66,50 71,00 76,20 78,0
10 65,00 84,90 46,00 75,10 89,1
15 0,30 6,60 0,30 75,30 77,0
20 9,00 1,30 69,10 70,20 53,60
25 0,80 0,90 22,50 65,40 31,0
30 0,27 0,78 0,37 16,90 42,0

100,00°
80,00° ——u=5
. 60,00% ——u=10
]
< 40,00% u=15
20,00% ~ o— =20
0,00% ~’ 425
-20,00% 0 0,1 0,2 0,3 0,4
u=30
Ra, m

Fig. 4. Graphs of change P(A, B) from the radius of the distributor R, at different velocities u
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Fig. 5. Graphs of changes P(A, B) from the velocity of seed movement at the radii of the distributor
Rf

7

From the graphs in figures 4 and 5 it can be seen that the minimum unevenness of seed
distribution by the centrifugal seeder is achieved when the radius of the distributor R, is

equal to 0.15 and 0.2 m at seed movement speeds from 15 to 30 m/s. However, the most
effective is a distributor with a radius of 0.2 m and a seed velocity of 15 m/s.

3 Conclusions

An analytical study of the uneven seed distribution by a centrifugal distributor allowed us
to determine the operating and design parameters of the centrifugal distributor: the radius
R, =0,2m, the speed of movement of seeds u =15 m/s at which a minimum unevenness

of 3% between the seed pipes is provided.
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