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Local experimental studies of the fertilizer
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Abstract. Determination of the total energy in the suction pipeline of a
four-component mixer of fertilizers and water in an experimental way, for
the possibility of its use in various schemes of cropsirrigation has been
performed. Materials and methods: The research was carried out at an
operating pumping station LLC “Rassvet” Kuibyshevsky district of Rostov
region on a specially made installation using calibrated control and
measuring devices in accordance with GOST 24028-80 “Research tests”.
The experimental results’ processing was carried out according to the
recommendations of V.N. Voznesensky on the theory of experiment
planning. The experiments were carried out in two stages, the first to
determine the factors influencedegree: B1— mixer vacuum value, accepted
values 09 m, B2 — vacuum value in the suction pipe of a centrifugal pump,
assumed values 0+5 m, Hi — the head of the jet pump, taken within 0+25
m, at full energy in the suction pipe of the mixerS (pressure + velocity
head), which subsequently determined all the hydraulic parameters of the
mixer suction line (pipe diameters, distance of mixture transportation, head
loss in the suction pipeline. According to the first stageresults, the
influencedegree of the factors on the criterion was determined - the mixer
head is 66.37%, the mixer head mixer pipeline 26.32%, mixer vacuum
7.3% The second stage was carried out with the two most significant
factors, the mixer head H'and vacuum in the suction pipe of the pump Ba.
Based on the results of the second group of experiments, an equation, the
analysis of which made it possible to determine the value of the
variationstudied intervals criterion was obtained.

1 Introduction

Literary sources provide a number of methods for mixing and introducing organic and
mineral fertilizers into the irrigation network:

- Mixing method in a mixing tank [1] (Figure 1);

- Method of feeding and mixing fertilizers using an injector [2] (Figure 2);
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Fig. 1. Scheme of mixing fertilizers with water ~ Fig. 2. Injector for uptake fertilizers into the
in a mixing tank: 1 - pressure pipeline; 2 - discharge pipeline of the irrigated area
injector; 3 - coupler for injector input; 4 -

flange; 5 - fertilizer supply pipeline

Method of fertilizing using mobile transport (Table 1).

Table 1. Characteristics of mobile and trailed spreaders

Tractor tanks Tank trucks
Indicator RIT- RIU- For
RIT-4 | RIT-8 | 3.6 RIU-8 | v AMiAZ
Capacity, m® 5 8 16 3,6 8 16
MTZ- T-150 K- GAZ- ZIL-
Aggregated | g, K | 701 | s3a 1308 | KAMAZ
Mantained By tractor driver By driver
Cisterns . .
filling Self-loading, loader Self-loading
Filling time, | =5 o | 56 5 34 4-5 6-8
min.
Machine 2.4 3.8 6.2 1.34 3.8 6.2
weight, t
Application | ¢ 50 | 760 | 1030 | 6-50 7-60 10-80
rate, t/ha
Capture 7-11 | 10-12 | 10-15 | 7-11 10-12 10-15
width, m
Productivity
with radius of
transport 6 11.5 18 5.5 13 25
operation
3km,t/h

Each of the above-mentioned methods has its own advantages and disadvantages.

In this paper, two methods of fertilization using an annular four-component two-surface
jet mixer (Figure 3) are considered as the most progressive and economical mixer that has
been pre-tested during irrigation process [3].
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Fig. 3. Structural diagram of a jet four-component fertilizer mixer: 1 - mineral fertilizers supply
pipeline; 2 - operatingwatersupply pipeline; 3 - external body of the mixer; 4 - inner nozzle of the
annular nozzle; 5 - diffuser; 6 - pipeline for withdrawing a mixture of fertilizers and water; 7 - mixing
chamber; 8 - outer nozzles of the annular nozzle; 9 - microelements supply pipeline; 10 - pipeline for
supplying livestock waste

1. Method of applying mineral fertilizers during fertilizing irrigation of corn for grain in
LLC “Rassvet” Kuibyshevsky district of the Rostov region (Figure 4, 5).
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Fig. 4. Scheme of applying mineral fertilizers: 1- jet apparatus; 2 - operating pipeline; 3, 4, 5 -
containers for fertilizers; 6, 7, 8 - suction pipelines; 9— pressure pipeline; 10 - bypass; 11 - main
pipeline; 12 - distribution pipeline; 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 - valves; 26, 27,
28, 29, 30 - manometers; 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 - irrigation areas
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Fig. 5. Introduction of mineral fertilizers into the suction pipeline of the pumping station using a four-
component jet mixer (photo by S. Tarasyants)

2. Method of applying livestock runoff and mineral fertilizers during fertilizing irrigation of
perennial grasses at a pig-breeding complex LLC “Kalalinskoye” Stavropol Krai with the
mixture intake into the suction pipeline of the pumping station (Figure 6, 7).

28 .

Fig. 6. Technological diagram of the system for mixing with jet mixerthe livestock wastewater and
water LLC “Kalalinskoye” Stavropol Krai: 1- pure water storage; 2 - pumping unit; 3 - mixer; 4 -
pipeline for supplying working flow to the mixer; 5 - pipeline for supplying a mixture of manure with
water to the irrigated area; 6 - storage tank for liquid manure; 7 - liquid manure supply pipeline; 8, 9,
10, 11, 20, 22, 23 - valves; 12 - pipeline for supplying liquid manure to the suction branch pipe of the
centrifugal pump; 13, 14 - flow meters; 15, 16 - manometers; 17 - manovacuum meter; 18 - border of
the pumping station building; 19 - drain cock; 21 - flushing pipeline; 24 - pipeline for supplying
effluents to the storage device; 26 - drainage pit; 27 - container for complex fertilizers liquid; 28 -
piezometer



E3S Web of Conferences 281, 09022 (2021) https://doi.org/10.1051/e3sconf/202128109022
CATPID-2021 Part 1

Pig-breeding run off pipe

Mineral :
fertilizer line

supply pipeline

Fig. 7. Injection of livestock wastewater and mineral fertilizers into the suction pipeline of the
pumping station LLC “Kalalinskoye” Stavropol Territory (general view of the pumping station).

Both methods shown in the diagrams were used at pumping stations with a positive
suction height and with forced introduction of fertilizers using a jet mixer capable of
creating a vacuum in the suction zone up to 9 m and a pressure in the delivery zone up to 20
m.In addition, when using a jet mixer, it is possible to regulate the fertilizer supply.

2 Materials and methods

To identify possible values of the mixer feeds, the experiments at a pumping station LLC
“Rassvet” using the theory of experiment planning were carried out [4] according to the
scheme (Figure 8) for determining the potential energy (referred to the unit of weight and
expressed in meters of pumped liquid - water) as factors were used:

B,(x,) is the amount of vacuum in the mixer housing, the accepted values 0+9m .

B, (x,)s the value of vacuum in the suction pipe of the centrifugal pump, taken within
0+5m (pump D 320-70) (Figure 9).

H,(x,)is the head of the jet pump, taken within 0+20m .

The potential energy per unit weight of the pumped liquid in meters in the suction line

of the jet mixer was determined as a criterion (see Figure 8) ¢ _ _Ps | by which all the

&P
hydraulic parameters of the suction line of the jet mixer were subsequently determined. A
centrifugal pump was used to supply working water to the mixer D 320-70. The pressure-
flow characteristic is shown in Figure 9.



E3S Web of Conferences 281, 09022 (2021) https://doi.org/10.1051/e3sconf/202128109022
CATPID-2021 Part 1

Fig. 8. Scheme of equipment and instruments installation during research: 1-centrifugal pump; 2-
suction pipe of the centrifugal pump; 3-jet mixer; 4-container for fertilizers; S-suction line of the jet
mixer; 6-pressure pipe of the jet mixer; 7,8,9,10,11-valves; 12,13,21 —combined pressure gage;
14,15,16-pressure gauges; 13 - vacuum gauge; 17.18 flow meters; 19-water source; 20-pressure pipe
of the centrifugal pump
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Fig. 9. Pump head-flow characteristic D 320-70, used for the research.

In field studies, two groups of experiments were carried out.
The first is to determine the influence degree of each factor B, (x,); B,(x,); H(x,)by the

amount of energy S in the suction pipe of the mixer. For research at the first stage, a three-
factor plan was adopted. Factors and intervals of variation are shown in Table 1 and
assigned based on a previous literature review [5, 6, 7, 8, 9].

Table 1. Actual and coded values of factors for the first group of experiments

Factors | Code Intervals, Level
m Average, "0", m Lower, m Upper, m
B, b 2.0 6.0 (0) 4.0 () 8.0 (+)
B, X, 1.0 3.0 (0) 2.0 (-) 4.0 (+)
H X, 6.0 10.0 (0) 6.0 (-) 14.0 (+)
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Matrix and research results are shown in Table 2.

Table 2. The planning matrix and the results of the first group of experiments

=508 ==_1436=-718, p, =

i-foS:64.76
16

Experi| Mixer Vacuum in Mixer Factor values, m Criterion S,
-ment | body the suction head By(x))| By(x,)| H( X;) m
no. | vacuum | pipeofthe | H(x,)
B,(x)) pump
B,(x,)
1 + + 0 -8.0 -5.0 12.0 12.4
2 + - 0 -8.0 -3.0 12.0 10.1
3 - + 0 -4.0 -5.0 12.0 10.8
4 - - 0 -4.0 -3.0 12.0 54
5 + 0 + -8.0 -3.0 18.0 15.6
6 + 0 - -8.0 -3.0 6.0 54
7 - 0 + -4.0 -3.0 18.0 14.4
8 - 0 - -4.0 -3.0 6.0 10.0
9 0 + + -4.0 -5.0 18.0 14.6
10 0 + - -4.0 -5.0 6.0 11.9
11 0 - + -4.0 -3.0 18.0 15.0
12 0 - - -4.0 -3.0 6.0 8.2
13 0 0 0 -4.0 -3.0 12.0 13.0
Processing the results (determining the value of the intercept and coefficients for the
factors)
> (+)=435 Z(+):55_0 D(+)=59.6 0S5=14
\— (-)=35.6 3.6
%(:)_2-4;0.8 2(5)=333 5{ =424.0
! 2B,=-21.8
xlz(Bl):84'1 xzz(Bz)zl(B-O xI(H)=158.3
B,(x,): B,(x;) B](X])'H(x3) B, (x,)- H(x;)
Z(+):12.4 Z(+):25'6 > (+)=228
DE=162 | () L=269
= B,H = 4.1
BB, =-38
BB, =+25.6
1 1

by =5y, 210-2.b1(Bl):éiB:é-2.7:+0.33 .bz(Bz):%iB:%-21.8:+1.19.

b3(H)=%iH=é-24.O:+3.O.P3 =p,+p=6476-718=-7.04

b“(xf):%(l 1) + p =%-8.41—7.04:13.99;bzz(xf) =%(22S)+p3 =i~103+p3 =18.71,

1
b (x3) = %(15.83) -p= % 158.3-7.04=32.53 ., = %(—3.8) =-0.95 ;b.3 =27 25.6=+6.4 :

1
by = (41 =-1.02




E3S Web of Conferences 281, 09022 (2021) https://doi.org/10.1051/e3sconf/202128109022
CATPID-2021 Part 1

According to the equation in general form:

S =b, £bx, £b,x, £hyx, ibll(xlz)ibzz(xf)ib33(x32)ib,1(x|2)ibzz(xzz)ib33(x32)i (1)
0, (x,%,) £ b5(x,x3) £y (x,x;)

Compiled dependence with actual values:

S=10.2+0.33B, +1.19B, +3.0H +13.998 +18.71B; +32.53H* - 0.95B,B, + )
+6.4BH —1.028,H

According to the dependence 2, a ranged curve of the influencedegree of the mixer
pressure factors H, vacuum in the suction pipe of the pump Band vacuum in the mixer
body B; (picture 10)is built.

100
The total degree of influence criterion S
H+B2+B1=99.99 %
The smallest B1=7.30 % (Mixer vacuum)
The greatest B2=66.37 % (Mixer head)
f 754
g 66,37 %
L
:N: Ranking curve of the influence degree of
‘*5 Mixer head, H (at the the criterion factors
8 maximum pressure of the
= 504 .
&L mixture of the body, the
& f the body, th
'3 vacuum has a minimum
2 1 value)
§ |
=
e 26,32 %
v 25
= Vacuum in the
suction pipe of the
pump, By 7,30 %
Vacuum in the mixer body. By

Factors H, B,, Bz

Fig. 10. The influence degree of the mixer pressure factors H , vacuum in the suction line of the
centrifugal pump B, and vacuum in the mixer body B, on criterion S— the amount of potential energy

in the suction pipe of the mixer

Figure 10 shows that the maximum effect on the value of potential energy in the suction
pipeline of the mixer S exerts mixer pressure H-66.37 %,minimum - vacuum in the mixer
body B1=7,30 %. In addition, to compare the experimental and calculated data for the
dependence 2, the values of the criterion S were calculated and are shown in Figure 11,
from which it can be seen that the highest potential energy value of 15.6 m was obtained at
the maximum vacuum values in the mixer body (-8 mand 18 m) and medium vacuum in a
centrifugal pump (-3 m).
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Experiment 5S=15.6 (B1=+1; B»=0; H=+1

15.6 Experiment 11S=15,0 (B1=0; Bo=-1; H=+1
’ Experiment 9S=14.6 (B1=0; Bo=+1; H=+1 _
14, 6 - — Experiment 7S=14,4 (B1=-1; B=0; H=+1 =
Experiment 13S=13.0 (B1=0; B>=0; H=0
13,01 ™ Experiment 10S=11.9 (B;=0; Bo=+1; H=-1

Experiment 1S=11.8 (Bi=-1; B>=+1; H=0

11,8 == -
10.8 Experiment 38=11.8 (Bi=-1; Bo=+1; H=0 Experiment 2S=10.1 (Bi=+1; -1; H=0

4 Experiment 8S=10.0 (B1=-1; B>=0; H=-1

10,0+ -

Experiment 12S=8.2 (B1=0; B,=-1; H=-1
82

Experiment 45=5.4 (B1=-1; Bo=-1; H=0 Experiment 6S=5.4 (Bi=+1; B>=0; H=-1
54

Maximum value S obtained in experiment 5 - 15.6 m at B1=+1
(-8 m), B2=0(-3 m) andH=+1(18 m). Minimum value 5.4 m in experiment4,
B1=-1(4,0) B2=-1 H=0 (10,0)

Factors By, B,, H
Fig. 11. Values of potential P energy in the suction pipeline of the mixer

Further research was carried out with two factors - the head of the mixer H 'and

vacuum in the suction pipe of the pump B, at a stable, taken according to the first group of

experiments, the value of vacuum in the mixer housing B1=5 m, with changed intervals of
variation. The actual and coded values of the factors for the two-factor design are shown in
Table 3. The planning matrix and the results of the second group of experiments are shown

in Table 4.
Table 3. Actual and coded values of factors for the second group of experiments
Interval, Level
Factors Code m Medium (0), m [Lower (-) | Upper (+)
Vacuum in the
suction pipe of | ' 1.0 4.0 (0) 3.0 (1) 5.0 (+)
the pump, B,
Mixer head, \
1% X, 4.0 10.0 (0) 14.0 (-) 18.0 (+)
Table 4. The planning matrix and the results of the second group of experiments
Vacuum in Factor values, m Criterion (total
Experi- the suction Mixer B; H energy in the
ment | Pipe of the head x'z H suction pipe of
um 1oyl ' ' the mixer),
no.  pump xt(HD), m x, X, ¢ )
'x2 (BZ) > m 2 m
1 + + 5.0 18.0 +21.4 21.4
2 + - 5.0 10.0 -20.4 20.4
3 - + 3.0 18.0 -15.0 15.0
4 - - 3.0 10.0 +13.0 13.0
5 + 0 5.0 14.0 0 10.1
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6 - 0 3.0 14.0 0 16.2
7 0 + 4.0 18.0 0 17.0
8 0 - 4.0 10.0 0 13.4
9 0 0 4.0 14.0 0 12.3

Processing of the results (determination of the intercept value and the coefficients of

the factors)

Y H)=519 | X(9)=534 | 1108, | 2208, | L»=344 | 05:=139.0
2()=444 | Y O=470| _9613| =100.4 Y (-)=-354
10/7,=+7.5 | 2011, =+6.4 1208, =~1

=196.7

1108, + 2208, =

> 1108, =196.7

1
P, :—52110S2—%196.7=
=—65.56

1
__log _139
pi=—308,= %

1
1 |
S 110, 1 220s,

48.15 50.2

1 .
b, =—ii+
ii 2 pl

b, =48.15-46.33
=1.82

=-46.33
5 .
P> =§0S2
1 =77.22
b12 =-=
4 by=p,+p;=
1 _ _
= ~1208, 77.22-65.5=
=11.72
__1
4

bzz =_Z

b= bg-108,= 1/.7,5=1.5
b= ¢-208, = 1£.6.4=1.06

According to the equation in general form

S, =b, +bx, tb,H +bx, +b H" +bx,H

3)

the dependence is written in natural values (4), according to which the maximum and
minimum values of the criterion (total energy) S in the suction pipe of the mixer (table 5).

S, =11.72+1.25x, + 1.06H, +1.82x," +3.87H —uH,

10

L.
“)
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The analysis of the second group experiments’results on the calculated values of the

potential energy values according to the dependence 4 is shown in Table 5 and in Figure 11.

The calculated values of the criterion S in the mixer suction pipe are calculated

according to the dependence 4.

Table 5. Calculated values of the criterion S in the suction pipe of the mixer

Experiment | Centrifugal pump vacuum Mixer head H; Criterion, S,
no. B> m
code dimension code dimension
X, B, ,m X3 H ,m
1 + 5.0 + 18.0 19.47
2 + 5.0 - 10.0 17.35
3 - 3.0 + 18.0 16.97
4 - 3.0 - 10.0 14.85
5 + 5.0 0 14.0 14.79
6 - 3.0 0 14.0 12.29
7 0 4.0 + 18.0 16.65
8 0 4.0 - 10.0 14.53
9 0 0 4.0 14.0 11.72
20,0 Experiment 1S,=19.47 (B>=+1; Hi=+1)
Experiment 28:=17.35 (Br=+1; Hi=-1)  pyperiment 38,216.97 (Bo=-1; Hi=+1)
Expen:ment 7S:=16.65 (B2=0; Hi=+1)
15,0 Experiment 5S,=14.79 (B=+1; Hi=0) Experiment 4 S:=14.85 (Bo=-1; H=1)
Experiment 8 S,=14.53 (B,=0; Hi=-1)
Experiment 6 S»=12.29 (B>=-1; Hi=0)
Experiment 9 S;=11.7 (B2=0; Hi=0)
10,0 4
Maximum value of potential energy is S2=19.47 m if
maximum factors value are B2= 5.0 m and H1=18 m.
50 Minimum value S2=11.72 m if maximum factors value

are B>=4.0 mand Hi=14 m

Fig. 12. Potential energy values S in the mixer suction pipeline according to the results of the second

Factors B, H;

group of experiments with a stable vacuum value in the mixer body B1=-5 m.

An analysis of the data obtained from the results of the studies carried out showed that
the maximum value of energy in the mixer suction pipeline, both according to the
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experimental data (Tables 2.4) and calculated according to the obtained equations (2, 4),
fluctuates within 10-20 m, which makes it possible to calculate the hydraulic parameters of
the fertilizer supply system to the suction pipelines of pumping stations, regardless of the
hydromechanical equipmentcharacteristics.

3 Conclusion

As a result of the experimental studies, mathematical dependences were obtained for the
development of the foundations for calculating the possibility of determining the place of
the fertilizer mixer installation on the pumping station territory.
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