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Abstract. The aim of the study is to carry out an experimental evaluation of the volume and
accuracy of liquid dispensing, from:

- height of the location of the doser relative to the atomiser;,

- the cross-sectional area of the diameter of the delivery tubes;

- the influence of air-hydraulic valve to compensate for the reduction in the volume of supply
from the change in the height of the water column in the dosing tank at the flow rate of working fluid.
To compare the values of liquid supply performance obtained experimentally with the results of
theoretical calculations. The full-scale experimental studies of the mock-up model of the pesticide
solution dispenser were carried out. To improve the accuracy of dosing solutions of pesticides on the
splashing disc, a doser consisting of a container for solutions of pesticides, a dosing tank moving in
the vertical plane relative to the splashing disc, a air-hydraulic valve, a set of connecting tubes with
different diameters of the cross-section is proposed. As a result of researches of the mock-up sample
of the doser its satisfactory operability was obtained. It allows adjusting the dosage of pesticide
solutions to the spraying disc within the required limits. Changing the diameter of the throughput
cross-section of the feeding tube within 0,004...0,007 m. and the height of the dosing tank location
from 0.2 to 1.0 m. to the spraying disc changes the liquid supply from 12 to 160 [ hour”. Air-
hydraulic valve compensates for the effect of changing the height of the water column (h) in the dosing
tank as it flows, on the performance of the volume of liquid supply. The height of the water column
difference is set from the upper cut-off of the air-hydraulic valve to the upper plane of the sprinkler
disc. Unevenness of distribution of liquid volume delivery is within the range of 1-4 %. Theoretical
studies to determine the fluid delivery capacity allow calculations with sufficient accuracy within 2-
10%.

Keywords: liquid, dosing tank, connecting tubes, diameter of flowing section, air-hydraulic
valve, atomiser, water column height.

Introduction

Spraying of agricultural plants with chemical and microbiological preparations
serves as measures to protect plants from weeds, pests and diseases. In order to
minimise the negative impact of chemical plant protection products on the ecological
situation, low-volume spraying is used, which involves the application of pesticides

with a minimum amount of working solution without reducing the biological efficiency
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[1; 2]. The greatest effect in the application of such preparations is achieved by the
quality of spraying of the working liquid. One of the components of ‘quality’ is
uniformity of distribution of pesticides over the field surface and density of coverage
of the treated surface by droplets [3 - 5].

Technology and equipment of fine-drop atomisation allows to get the maximum
effect from the sprayed preparations with the lowest costs and minimum damage to the
environment. The operation of the equipment used is based on the principle of rotary
atomiser. The most widespread are rotary atomisers in the form of mesh and perforated
drums or discs of different configurations, which grind the incoming liquid (under low
pressure) into small homogeneous droplets [6]. That allows to form the necessary
droplet sizes according to the technology of low-volume spraying and to spray liquid
within the limits of 10-50 litres*ha™!. The drive of atomisers is carried out by electric
motors from the tractor's electric network with a power consumption of no more than
500 W.

Studying the designs of existing atomisers and analysing their operation allowed
to identify the disadvantage in these devices. To such a shortcoming can be attributed
to the node to adjust the supply of the required volume of working solution to the
atomisers [7]. This node is installed in the fluid supply system of each atomiser. This
unit in its design has a shut-off valve. Operation of the adjustment unit occurs at the
working pressure of the liquid (according to technical requirements) in the supply
system of the atomiser in the range of 0.7 - 0.9 kg*cm™.

When the solution pressure drops to 0.5 kg*cm™, the valve automatically cuts off
the atomiser from the working fluid flow, thus stopping its operation. This construction
provides for the operation of atomisers with pressure fluctuations in the fluid supply
system in the range of 0.2 - 0.4 kg*cm™. This results in an uneven delivery of the
working fluid volume to the atomiser from 20 to 40 %. Even the technically stipulated
requirement for the working pressure (0,7 - 0,9 kg cm™) can change the unevenness of
the working fluid supply in the range of up to 20 %. This is not permissible for low-
volume spraying.

Experimental evaluation of quantitative and qualitative indicators of the doser
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operation, comparison of the obtained practical results with the theoretical results of
the solution volume supply from the design parameters of the doser.

Materials and methods

Assessment of quantitative and qualitative indicators of liquid dosing by the
pipette was carried out using a laboratory installation (figure 1). ‘Pliability’ of
pneumatic actuators, resulting from the action of variable loads, imposes some
limitations on the applicability as a drive of its working bodies. This can be avoided by
using a pneumatic element as the driving element and hydraulic devices as the damping
and regulating elements [8].

The design of the doser consists of: tank 3, air-hydraulic valve 4 with shut-off
valves, feeding flexible tubes 5, telescopic stand 2 with which changes the height (H)

location of the tank relative to the atomiser 6.

stand; 3 - dosing tank; 4 - air-hydraulic valve; 5 - connecting flexible

tube; 6 - atomiser. Author's development

The air-hydraulic valve (figure 2.) is designed to compensate for the change in the
height of the water column (h) as the liquid flows out of the dosing tank 3.

The valve works as follows. Liquid from the tank 3 (figure 2.) flows into the body
1 of the air-hydraulic valve (figure 2.). That leads to the formation of ‘air plug’ between
the body 1 and the cylindrical valve body 3, in which there is a shut-off ball 5 of the
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valve (the valve ball has a specific gravity less than water). The pressure of compressed
air (air lock), when blocking the access of liquid from the dosing tank by the valve
body corresponds to the height of the water column (H) (figure 1). This leads to the
ejection of liquid from the valve body due to the expansion of air, which thereby
compensates for the change in liquid equilibrium (h) in the dosing tank 3 as it flows.
As a result of this process of operation of the air-hydraulic valve 4 (figure 1), in the
fluid supply system to the atomiser 6, maintains a constant pressure equal to the height
of the water column (H). As the valve 5 is lowered, the fluid supply from the dosing
tank 3 resumes and continues until it is blocked by the valve ball.

The dispense cycle repeats exactly at regular intervals

Figure 2 Air-hydraulic valve: 1 - body; 2 - inlet pipe; 3 - cylinder internal;

4 - valve seat; 5 - floating ball valve; 6 - outlet pipe. Author's development

The level of height difference (H) was set in increments of 0.20 m, which
corresponded to the values: H=1.0m; H=0.80m; H=0.60m; H=0.40m; H =
0.20 m. The initial column of liquid in tank 3 was set with constant height and had the
value 2 = 0.23 m, which corresponded to the volume of liquid 10 litres. Each
subsequent experiment began with fixing the level of the column of liquid remaining
in the tank after the previous experiment and so until the full flow of liquid from the
tank. If the liquid was insufficient for fivefold repetition of experiments, it was refilled
up to the initial value (2 = 0.23 m.) and the experiments continued from the interrupted

value and up to full completion.
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The height of the valve body 1 (figure 2.) had a constant value of h = 0.013 m.
The experiments were carried out with replacement of the supply flexible tube 5. Each
tube had a constant length of two metres. The diameter of the passing section of the
tubes (d) varied and had values of 0.003 m, 0.004 m, 0.005 m, 0.006 m and 0.007 m.
The experiments were carried out with fivefold repetition. Dimensional and
weight values were determined using instruments:
- height of the dosing tank installation was measured with a tape measure of MT-
0303 brand;
- the weight of the collected liquid in the tank was weighed on a QZ-157A scale.
The obtained numerical results were processed by the method of mathematical
statistics [9] and are presented in Table 1.
Table 1. Results of statistical processing of the obtained values of productivity
from the diameter (d) of the throughput cross-section of the tubes and the level

of height difference (H).

Diameter | Level | Average | Standard | Unevenness | Arithmetic | Relative
flexible of liquid | deviation of fluid average error of
tube height | volume | of liquid volume error (A) the
d+107m. | differen | (Qav), volume distribution arithmeti

ce. (H), | /+hour’ (Qav.), | (coefficient of ¢ mean
m. litres. variation) (p)
(v)
1 2 3 4 5 6 7
1,00 164,52 1,02 0,006 0,456 0,002
0,80 135,96 1,74 0,012 0,778 0,005
7 0,60 128,16 2,94 0,022 1,314 0,010
0,40 106,8 0,6 0,005 0,268 0,002
0,20 71,64 0,66 0,009 0,295 0,004
1,00 110,64 0,54 0,004 0,241 0,002
0,80 95,52 0,12 0,001 0,053 0,0005
6 0,60 84,96 0,54 0,006 0,241 0,002
0,40 65,4 0,3 0,004 0,134 0,002
0,20 41,4 0,3 0,007 0,134 0,003
1,00 78,12 0,12 0,001 0,053 0,0006
0,80 67,8 0,9 0,013 0,402 0,005
5 0,60 54,72 0,12 0,002 0,053 0,0009
0,40 40,08 0,18 0,004 0,080 0,002
0,20 27,96 0,24 0,008 0,107 0,003
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1,00 35,16 0,06 0,001 0,026 0,0007
0,80 28,56 0,24 0,008 0,107 0,003
4 0,60 22,92 0,18 0,007 0,080 0,003
0,40 18,24 0,3 0,016 0,134 0,007
0,20 12,12 0,42 0,034 0,187 0,015
1.00 33,24 0,24 0,007 0,107 0,003
0,80 27,6 0,3 0,010 0,134 0,004
3 0,60 21,84 0,24 0,010 0,107 0,004
0,40 16,56 0,25 0,015 0,111 0,006
0,20 12 0,3 0,025 0,134 0,011

Author's development

Results and discussion

From the tabulated values it is obvious that for tubes with diameter 0,003m. and
0,004m. the liquid flow rate and the obtained statistical results of the values have
practically the same values. Therefore, the use of a tube with a throughput diameter
d = 0,003m. is not reasonable. On this basis it was excluded from further studies.

For values of average statistical liquid flow rate Q,,. (Table 1) the graph (figure 3)

1s constructed.
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Figure 3. Liquid flow rate (Qav, /*hl.) from height difference (H, m.) and
diameter (d, m.) of the flow section: 1 —d = 0,004 m; 2 — d = 0,005 m;
3-d=0,006m; 4—-d=0,007 m; (— practical liquid flow rate; — — —
theoretical liquid flow rate). Author's development

From the graph shows that variation of diameters of the throughput section from

0.004 to 0.007 m. at setting the height of the dosing tank from 0.2 to 1.0 m. allows to
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regulate the liquid supply in the range from 12 to 160 litres * hour™.

As the results of statistical processing of the obtained values of productivity
(Table 1) show the unevenness of distribution (coefficient of variation-- v) is values
from 0.001 to 0.022, which meets the requirements for unevenness of supply of

pesticide and fertiliser solutions by the doser.

The analysis of the obtained coefficients of variation (Table 1) taking into account
the developed methodology of experiments (repetition of the whole series of
experiments was carried out regardless of the initial level of liquid in the dosing tank
3) allows us to assert that the air-hydraulic valve compensates the influence of changes
in the height of the water column (h) (figure 1) as it flows out of the tank and maintains
the productivity of liquid supply in the required values. Thus provides a given capacity
from constant dimensional and geometric parameters of the metering unit.

The theoretical capacity of liquid supply was calculated by equation (1) [10].

Q =3,6-10%S\/2gH,  l/h. (1)
where: u - coefficient of hydraulic resistance of the flexible tube;
S - cross-sectional area of the tube, m?.
g - acceleration of free fall, m*s=.
H - height of the water column, m.

Comparing the results obtained theoretically and in the laboratory (figure 3), it
can be stated that the performance discrepancy is within 2 % to 10 %. Such accuracy
allows to use formula (1) for calculations of liquid volume delivery from the above
mentioned dimensional and geometrical parameters.

The hydraulic resistance coefficient (u) for the whole series of tested flexible

tubes (figure 4) was determined experimentally.
V2
ey (2)

where § - is the local resistance coefficient used to calculate energy losses in individual

system components;;

V' - s the average flow velocity;;
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g - is the acceleration due to gravity.

The obtained calculated results are shown on the graph by a dotted line (figure 3).

7

d-10° m
Figure 4: Graph of dependence of the coefficient of hydraulic resistance (p)

on the diameter (d) of polyvinylchloride flexible tubes Author's development

Analysis of the graph of the dependence of hydraulic resistance (figure 4) shows
that when a certain diameter is reached, of the feeding tubes stabilise and the hydraulic

resistance becomes, practically constant.
Conclusions

1. Changing the diameter of the flow section of the feed pipe (d) within
0.004...0.007 m and the height of the dosing tank location (H) from 0.2 to 1.0 m from
the spreading disc changes the liquid feed from 12 to 160 1+hr.

2. Air-hydraulic valve compensates for the effect of changing the height of the
water column (h) in the dosing tank as it flows, on the performance of the volume of
liquid supply.

3. The water column differential height setting level should be set from the top of
the air-hydraulic valve to the top plane of the spray disc.

4. The unevenness of the fluid volume delivery rate should be within the range of
1-4%.

5. The theoretical justification for determining the fluid delivery capacity allows

calculations to be carried out with sufficient accuracy within a range of 2 to10%.
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Anomauisn. Memoio 0ocniodcenHs € NpoBeOdeHHs eKCNepUMEeHMAIbHOI OYiHKU 00'emy ma
MOYHOCMI 003)8AHHS PIOUHU, BUXOOSHU 3.

- 8UCOMU PO3MAULYBAHHS 003aMOPA BIOHOCHO POZNUNIOBAYA,

- njiowi nonepeuHo2o nepepizy diamempa nooasarbHUx mpyoox,

- BNIUBY NOBIMPAHOIOPABIIUHO20 KIANAHA HA KOMNEHCAYilo 3MeHuleHHs: 00'emy nooaui 6i0
SMIHU BUCOMU CMOBNA 800U 8 O03YVIOUOMY OAKY NPuU WEUOKOCMI NOMOKY pobouoi piounu. [lopiensamu
3HQUeHHs NPOOYKMUBHOCMI NOOAYl PIOUHU, OMPUMAHI EKCNEPUMEHMANbHO, 3 pe3yIbmamamu
meopemuyHux po3paxyukis. bynu nposedeni namypmi excnepumenmanvui 00CIiOHCEHHSI MAKEMHO20
3pazka 003amopa po34yuHie necmuyudie. Jna nioeuweHHs MOYHOCMI O003Y8AHHA PO3YUHIG
necmuyuoie Ha pO3NUNIOBANbHULL OUCK 3ANPONOHOBAHO 003AMOP, WO CKIAOAEMbC 3 EMHOCMI 05
PO3UUHI6 necmuyudie, 003yI04020 0aKA, WO PYXAEMbCA Y BEPMUKANbHIU NIOWUHI BIOHOCHO
PO3NUNIOBATILHO20 OUCKA, NOBIMPAHO2IOPABNIYHO20 KIANAHA, KOMNIEKMY 3'€0HY8aNbHUX MPYOOK 3
PpisHUMU Odiamempamu NonepeuHoz2o nepepizy. B pezynbmami 0o0cniodicenb MAKemHo20 3pasKa
003amopa OmpuMaHo 1020 3a008iNbHY npayezoamuicms. Lle 0036011€ pezynosamu 003V8aHHSA
PO3UUHIE NeCUYUOIE HA PO3NUTIOBATbHUL OUCK ) HeOOXIOHUX Medicax. 3Mina diamempa NPonyCcKHO20
nepepisy stcueunvroi mpyou é mexcax 0,004...0,007 m ma sucomu posmauty8arHs 003y04020 baxka
6i0 0,2 0o 1,0 m 00 po3numoeanvHo2o Oucka 3miHwE nooauy piounu 6i0 12 0o 160 1/200.
Tosimpanoziopasniunuil K1anan KOMREHCYE 6NIUE 3MIHU BUCOMU 800H020 cmosna (h) y 0o3yruomy
Oaky nio wac to2o NpomiKauHs HA NPOOYKMUGHICMb 00'emy nooaui piounu. Pisnuys eucomu
B005H020 CMOBNA BCMAHOBIIOEMbCA BI0 BEPXHLOI MOYKU BIOCIUEHHS NOBIMPAHOLIOPABIIUHO20
KAANnama 00 86epxHuoi NIOWUHU PO3NUTIOBATbHO20 OucKa. Hepisnomipnicms po3nodiny 06'emy nooaui
piounu 3Haxooumucs 6 mexcax 1-4 %. Teopemuuni 0ocniodcents O0ist USHAYUEHHSI NPOOYKMUBHOCNT
nooayi piouHu 00360JI5110Mb NPOBOOUMU PO3PAXYHKU 3 O0CMAMHbOI0 MOYHIiCmIo 68 mexcax 2-10 %.

Knrwouoei cnosa: piouna, 0o3yeanvHuii Oax, 3'€OHy6anvHi mpyoxu, oiamemp npOMOYHOL
OINAHKU, NOBIMPAHOLIOPABNIUHUL KIANAH, PO3NUNI0EAY, BUCOMA 800AHO20 CMOBNA.
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