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THE CENTRIFUGAL TYPE
MINERAL FERTILIZERS
SPREADER

The scientific foundations of justification of technological
parameters for centrifugal type mineral fertilizers spreaders.

It is founded out one of the possible reasons of the uneven
dispersion of fertilizers by centrifugal type spreader. Simplified for
engineering application formulas are derived, making it possible to
justify the construction of fertilizer spreader disk that is guaranteed

HaymeHnko M.M.
K.T.H., npocecop
NMoHomapeHko H.O.
K.T.H., AOLEeHT
AHinpoecbkuli
dep)xasHull azpapHoO-
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Introduction. The uneven distribution of
nutrients by surface of fields affects crop vyields.
The development of fertilizers favorable primarily
in a direction of improving the efficiency of
fertilizing by improving the quality of their
distribution by soil surface.More than 90% of
modern fertilizers are equipped with spreading
centrifugal working bodies that successfully
applies granular and crystalline fertilizers and
chemical ameliorants. Fertilizers must apply them
accurately (evenly). Nowadays some parameters
of fertilizing are too big, so uneveness by working
width with machines of domestic production
reaches 60-80%, what reduces the efficiency of
fertilizers.Thus, the justification and design
parameters of the centrifugal working body for
fertilizers is an actual task [3-5].

Literature data analysis. P. Vasilenko was
recognized as founder of the centrifugal type
spreaders theory by law. Later theoretical studies
were conducted by V. V. Adamchuk, E. V.
Kozlovsky, Dohonovskyy M. G, M. K. Shtukov, R.
M. Hilis, V. F. Yaroshenko, S. |. Nazarov. Among
the latest fundamental analytical research
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improves dispersion. Technical means are created and
implemented into production.
Key words: fertilizing, fertilizers, allocation quality,

effectiveness of machines, spreader parameters, working modes.

attractes the attention works of V. V. Adamchuk,
V. M.Bulgakov, P. M.Zaika, S. F.Pylypaky.

An important contribution to science in
sphere of the development and implementation of
centrifugal type mineral fertilizers was made by S.
I. Volosnykov, S. F. Babaryka, V. N. Dyadya, L. I.
Letkovskyy and others.

Analytical research of centrifugal
spreaders working body sowing process.
The process of granules distribution by surface of
a field has multifactorial probabilistic nature. It is
influenced by: normal distribution coefficient of
windage, logarithmic law of dependance of on
flight distance from windage coefficient,
translational motion of the unit law as a whole.
Superposition of these laws gives the final picture
of the distribution of fertilizers by the surface. In
general, the law can not be normal. But if a
sufficiently large number of options for starting
coming-off of granules from the surface is
provided, from the point of view of probability
theory, this law will be closer to normal.

Graphical interpretation of this provision is
shown on Fig.1.
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Fig.1. Graphical interpretation of superposition of laws of fertilizers distribution by surface of a
field in presence of one (a) two (b) and three (¢) coming-off points from surface of the discl -
single distribution laws; 2 - area of normal distribution.

As seen from the above, the usual amount
of 1 single distribution laws allows to receive
areas 2 close to the normal distribution. Therefore,
it is necessary to provide coming-off of multiple
streams of granules with different initial velocities,
preventing flow crossing during flight.

As analysis of the process of fertilizing
showed [1,8-10], centrifugal type spreaders can
provide more dense sowing by the edges of
coverage.To improve eveness, construction
diagram is proposed (Fig. 1), which provides
various initial conditions for granules escape from
each of three edges placed onfour bladed disk.

In accordance with the accepted disk
construction, scattering scheme provides that the
width of the treated area, where fertilizers apply,
divided into three parts. Each edge on the blade
should apply fertilizer on the territory assigned to
it. In order for this happens, it is necessary to
determine the length of each edge, and the it
position on the blade. Let us assume that goal will
be achieved if the granules on the middle edge will
gain escaping velocity enough for sowing area
with width 2/3B, and with short edge - 1/3B.
Velocity addition theorem is usedto determine the
escaping velocity of fertilizer from edge, which
starts at an arbitrary distancea from the center of
disk.

V =V, +V,, Q)

whereV'r‘ — the relative velocity along the
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guiding edge;

VE — transient velocity, which for escaping
from disk fertilizer determined by known angular
velocity w of disk and edge length | as

V. =w-VI’cos’a +a’.
The relative speed can be found by the

theorem of changing of kinetic energy in relative
motion from formula[6]

mvVZ mV}?
— = A(R)+A(F,)+AF,, )+ AP), @
whereA(Fe) — work of transient force of inertiaF.on
moving along the edge; A(Fmp) — work of the
friction force that occurs on the surface of the
blade because of force actionF.and fertilizer
weightP;A(Fmnp,) — work of the friction force that
occurs on surface of the vertical edge from the
Coriolis force of inertiaFcand transient force
Fe;A(Fe) — work of weight force;Vo— initial relative
velocity.

Work of transient
movementldefines as

A(F’“)z%ma)z(Rf—az)

e
Friction force on the surface of
bladeF ,determined through the normal
reactionN1, which is due fertilizer weightPand
transient inertial forceF™,

N, = Pcosa + F."sin w sin a.

inertial forces on

@)
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X : :
ThanF,, = f (mg cosa +Ma’r - =cosasin a) = fm(gcosa + w’xcosasin )
' r

Where f—friction coefficient.
Work of the friction force on the surface of bladeA(F,)defines as

1 .
A(F,,)=—fmgR? —a® — fm* .E(RK2 — a2)5|n alcosa. (4)
Friction force on the edge surface is defined as
F,=f (chovr cosa — ma)za) ()
Work of this force is defined as
| |
_ 2
A(Fmp)_ 'fo 2 fmaV, cos adx + _[0 fme”adx. (6)
Assuming that initial relative velocityVo=wacosaforA(Fmp) we will get
A(F,,)=—fma(wacosa +V WR? —a? + fmw®a-/R? —a® / cosa. @
Work of weight forceP defines as
A(P) = -mglsina. (8)

Substituting expressions (3), (4), (7), (8) into formula (2) we will get

mvZ mvy 1 1 .
-0 :—ma)z(Rf —az)— fmg\R? —a® — fma? -—(Rf —a2)5|n alcosa —
2 2 2 2 9)
— fma(wacosa +V )\/R? —a® + fmow’a\|R? —a’ / cosa —mgl, sin a.
If into the last expression substitute distance from center to the first edge
(a = a1), we will get
mvV 2

—%a)zaf cosa’a = %ma)z(Rf —af)— fmg{R> —a? —% fmae’ -(R;2 —af)sin alcosa -

fmw’a,{|R? —a’ )
— fmw? cosaR? —a? — fmV/R? —a? + Y 2 _mgl sina.

COSx

2

Where for the relative velosity on escaping from the long edge you can get

V =—¢, +,/¢ +¢,, (10)
where ¢, = fa)\/ﬂ,
¢, = »°a, cos” oc(a1 cosa —2 f \/ﬂ + aoz(RK2 —af)kl— fsin e/ cosar)—
—~2fg\[R? — @ + 2fw’a\[R? —a? | cos e — 2g|, sin .
Then definition of absolute velocity is:
V, = (v, cosar, ) +(V, sin a7, (11)

whereao — angle of fertilize escaping; Vacosao— projection of escaping velosity on a horizontal
plane; V.sinao—projection of escaping velosity on a vertical plane.
Than for escaping angle we can get

o, =arccos (V. cosa, f +V2 + V.V, cosarcos 1V, w2

Analysis of possible options of constructions
of centrifugal working body for fertilizing allowed to

These formulas allow to justify some
constructional characteristics of the spreader.

Calculations are made by the following initial data:
angular disk velocity w =57,6rad/sec; disk
radiusR = 0,3m; blade inclination angle a = 0,5236
rad; friction coefficient of fertilize by the blade
surfacef = 0,35.

accept spreader scheme, construction of which
involves formation arrangement of granule flows
when loading. To perform the task working body
scheme is proposed — Fig.1.

Spreader consists of disk 17, four blades
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(sectors 11-14), each of which is formed by two
blades whose side walls are formed by vertical
edges and bottoms are inclined at angles aiand a2
to horizontal disk surface. Each edge (1-3) is
perpendicular to the common line of intersection
blades bottoms and disk plane (at Fig.1 directions
of each edge marked with anglesy:, V2,
ysaccordingly). In the center of the disc there is a
conical feeder 4, interior space of which is divided
onto separate sectors by radial vertical plates (6—
10). Each plate at the bottom part goes beyond the
feeder on edge height and by bottom part attached
to horizontal central part of the disk. The lateral
end of protruding from the feeder part (conical) is
connected to the curvilinear section of the edge
2, which is placed on the horizontal plane of the
disk.

In the same way edge 3 is connected to the
protruding side end of the plate 8, and edge 1 —
with 9. In each quarter of the centrifugal working
body where the working blade is, feeder divided
into four sectors by plates. Three of them
workable, through two bladesfertilizer fall on upper
disk, and on the second sector accounts 53,6 %
amount of fertilizer from first, and onto the last —
third — the least 11,24 % of the same amount.
From this sector fertilizer falls onto disk 15, which
is situated lower on 60 mm from the upper which is
provided by cup 5, on which are placed
perpendicular one to each other guiding edges 16.
One of feeder sectors closed from above (fig.1,

ma mexHoJs1o2isIx
2018

shaded). Sectors areas are assigned
proportional to the expenditure of material which
falls on each edge. The material getting into
the sectors falls on the horizontal surface of
the disc from which, moves between the
curved portions of edges gets to the inclined
blades.

%4 77

(A-A)
Fig.1. Constructive and technological scheme
of the centrifugal working body for fertilization

At fig.2there is a scheme, which
qualitatively describes the distribution of granules
by simultaneous dispersion with three edges.

AS/AX 4
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7\

[ N/

LUS/rituttion
mtensity

4

S - N
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/>

S
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W

! /5

7 25 30 e

(ondtional width of three lanes b=B/k = 3
Fig. 2. Distribution of three streams

As we can see, areas are limited by
intensity distribution curve,on each of the three
units of bandwidth capture approximately the
same, so on each lane approximately the same
number of granules. Relatively to uneven
distribution of granules within a lane, we can note
that above-mentioned situation is idealized and
includes: all granules flies on the same distance
during work of one of the edges. The reality is that
the granules are not identical in shape and
capacity. They have different aerodynamic
characteristics, providing a different range of flight
and improves uniformity of distribution which can
be tested experimentally.

Conclusions. In this paper, the scientific
and appliance problem of efficiency improvement

of mechanical application of solid fertilizers is
solved through improvement of quality of their
distribution by the surface of soil and increasing of
machine productivity.

1. New construction of spreader is
proposed, which can realize better uniform
dispersion, in condition of ensuring of individual
supply of each of three streams of granules, which
are escaping from disc.

2. Fairly simple formulas for engineering
application are derived, which gives the possibility
to justify the construction of disk fertilizers
spreader, which improves dispersion guaranteed.

3. The resulting formula can determine the
absolute velocity of fertilizer escping from the disc
and the angle of escaping that are necessary to

35
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determine the operation width of spreader.
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PO3KMOAY MIHEPAJIbHUX 1OBPUB
BIALUEHTPOBOI'O TUNY

B Haykoeil cmammi HaeedeHOo
0brpyHMy8aHHsI  MEexXHOs02iY4HUX  napamempie
poskudaya MiHepanbHUX 00bpue 8iOUEeHMPo8o20
murty.

BusieneHo 00Hy 3 MOXIUBUX MPUYUH
HepieHOMIpHO20 po3citogaHHs 0obpue po3kudadyem
gidueHmpoeozo mury. OmpumMaHO CrpPoUwEHy
copmyny Onsi iHXEeHepHUX po3paxyHKie, wjo Oae
MOXIugicmb 06rpyHmMysamu KOHCMPYKUit0 OucKa
poskudaya 0obpus, sika eapaHMye MOKPaULEHHS

ducniepci. 3anporoHosaHull po3kuday
MiHeparbHUX 0Oobpus 8i0LUEHMpPOBO20
munly  Moxnueuli 00  ernpoeadXeHHd Yy
s8upobHuumMeo.

Knroyoei cnoea: eHeceHHsi  dobpus,
dobpusa, sKicmb po3nodiny, egeKkmusHicmb
MauwluH, napamempu po3skudadis,
pexumu pobomul.

PA3BPACbLIBATEJIb MMHEPAJIbHbIX
YOOBPEHUU LEHTPOBEXHOIO TUMNA

B Hay4yHoU cmamee rpueedeHo
060CHOBaHUE MEXHO/I02UYECKUX Napamempos
pasbpacbigamernisi  MUHeparibHbiX — yOobpeHul

UeHmMpobexHo20 mura.
O6HapyxeHa O0Ha U3 B03MOXHbIX MPUYUH

HepagHOMEPHO20 B8HeCeHUs yOdobpeHut
pasbpacbieamerieM  yeHmMpobexHo2o0  muna.
lNony4yeHo YPOWEeHHYIO opmyny ona
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UH)XEHEePHbIX  pac4yemos, komopasi  0aem  8HeOpeHus 8 rPouU3800CcMEO.
803MOXXHOCMb 060CHOBaMb KOHCMPYKUUO Oucka Knroyeenle crioea: sHeceHue ydobpeHud,
pasbpacbieamernisi ydobpeHul, Komopasi  yOobpeHus, Ka4yecmeo pacripedeneHus,
eapaHmupyem yrydueHus ducniepcuu.  3ghghekmusHOCMb MalUuUH, napamempal

lpedrnioxeHHbIl pa3bpackigameris MUHeparbHbIX  pasbpackbieamerisi, pexxumbsl pabomsi.
y00bpeHUl yeHmMpobexxHo2o mura 603MOXeH 00
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