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The paper considers the possibility of determining the permanent and random sources of
pollution of the environment by the level of pollution of liquid atmospheric precipitation. The problems
of liquid atmospheric precipitation testing and monitoring of pollution concentration during
precipitation are outlined. The expediency of developing of a portable system that allows collecting
samples of liquid atmospheric precipitation in autonomous modes at different time intervals and periods
of rainfall, regardless of the place of its installation, is substantiated. The design features of the electric
and mechanical parts of the device, as well as the algorithm of their work, are described. The results of
modeling and checking of the working capacity of the portable device, which determine the total mass
flow of water, are described.
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Formulation of the problem

Monitoring and recording of ecosystem data provide foresight and timely detection of negative
environmental factors that cause contamination.

The sampling of any material is an extremely important issue since it is susceptible to contamination
arising from the use of not clean enough laboratory equipment, impurity and other atmospheric
contamination.

Liquid atmospheric precipitation usually includes a variety of impurities, which, along with water,
fall on different surfaces and get into the soil. This, in its turn, may have a negative effect, since most
industrial or other emissions have unknown composition. Therefore, it is inappropriate to carry out
atmospheric precipitation sampling in the vicinity of various industrial sites.

It will be more effective to sample liquid atmospheric precipitation in different parts of a settlement
and beyond, which will enable the establishment of permanent and accidental sources of pollution, as well
as the concentration of the emissions [10, 11].

Actuality of research

Usually, sampling of atmospheric precipitation is carried out by filling special containers made from
neutral materials. Rainwater precipitation is collected with the help of the opening (diameter not less than
20 cm) into a measuring cylinder (or directly into a bucket) and stored in them up to the analysis.

A significant disadvantage of this method of sampling is that the concentration of impurities is
gradually decreasing, which makes it difficult to establish their origin and the nature of their occurrence for
long periods of precipitation.

Therefore, there is a need for the application of small-sized portable devices that are capable of
carrying out sampling of liquid atmospheric precipitation and their registration at different time intervals
and periods of rainfalls in an autonomous mode, regardless of the place of installation, the seasons and the
period of the day [3, 7].
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Creating the objectives and objectives of the article

Having analyzed the methods and means for taking samples of atmospheric precipitation, it has
been established that at present there are many devices and means that are capable of collecting
observations of precipitation and send out the results of a GSM modem, but have a number of advantages
and disadvantages [5].

Some devices are too cumbersome and inaccurate. A number of devices collect data according to a
certain algorithm and in certain periods of time we can only obtain a result of the amount and percentage of
pollution from the total rainfall.

As a result, the development of a portable device that would be able to work autonomously and
carry out the sampling of atmospheric precipitation, taking into account the time characteristics of
precipitation, arose.

Analysis of last researches and publications

During the selection of precipitation, the possibility of entering into a sample of foreign substances
should be excluded. A standard gauge made of chemically unstable material is unsuitable for this purpose.
When manual sampling method is used, devices installed only for the period of precipitation. For analysis
it is important to assemble the first, most contaminated portions of precipitation, so weather stations should
provide a round-the-clock mode of operation. When automatic sampling of precipitation samples is used,
the device is equipped with a device that automatically opens the lid located above the receiving surface at
the beginning of precipitation and closes it after it has stopped. It provides measurement of the pH and
electrical conductivity of precipitation.

Submission of basic materials

The development of a portable device for the collection of liquid atmospheric precipitation to
monitor the change in their composition makes it possible to remotely obtain water samples for the rapid
detection of contamination [6].

Functional scheme of the collection of samples of liquid atmospheric precipitation is presented
in Fig. 1.
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Fig. 1. Functional scheme of the system of sampling of liquid atmospheric precipitation
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In its turn, the system for sampling liquid atmospheric precipitation consists of electric and
mechanical parts.

The electrical part of the device is intended for its machining and display of data on the changes in
the composition of atmospheric precipitation taking into account the time factor (Fig. 2). The device
consists of a control board Arduino UNO-R3 1 with a power supply 12VDC 2and a USB cable, a DC
motor ROB-11696 3, a solar panel 6V1W4, a charge cell TP40565 and an energy storage USB Battery
Pack, which is not specified in the diagram, a temperature sensor BMP180 6, an analog pressure sensor
SENO0257 7, a modular water level sensor ZC09200 8, LED RGB Strip-Bare indication devices, and

solenoid valve 1528-1551-ND 10 [4, 5].
{F'

Fig. 2. Principal electrical circuit of a portable device for sampling atmospheric precipitation
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The mechanical part of the device for collecting rainwater samples (Fig. 3) consists of a cylindrical hull 1,
in the bottom of which six samplers 2 are mounted, and the electric DC motor 3 is fixed, on the shaft of which
the impeller of the water pump 4 and the gear wheel 5 are fixed. A dosing damper 6 is installed above the
samplers, and the hull is closed at the top with a lid 7 with a tapered filler neck 8 with a lid 9 [2, 8].

The algorithm of the device is as follows:

During liquid atmospheric precipitation, water drops enter the modular water level sensor 8
(see Fig. 2), which results in the signal from the control board 1 to the solenoid valve 10, which opens the
lid of the filler neck 9 and through it, enters the hull 1 (see Fig. 3). After that, the current is supplied to the
electric motor 3, which activates the impeller of the water pump 4, together with the gear wheel 5, which,
in turn, activates the dosing damper 6. The water under pressure created by the water pump 4 is directed by
flow to the samplers 2. The dosing damper rotating gradually overlaps the supply of water in the first
sampler and opens the feed into the second, then the third, fourth, and fifth samplers. Having fitted the hole
of the dosing damper over the last hollow sampler, the actuator of the water pump and the gear wheel are
disconnected, causing rainwater to flow out and the sampling is stopped.
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Fig. 3. Portable device for sampling atmospheric precipitation:
a constructive diagram; 6. general view

Simultaneously, for registering the water pressure and its temperature by the control board 1,
pressure 6 and temperature 7 sensors, fixed in the cylindrical hull 1 of the device (see Fig. 3, 4) are
switched on (see Fig. 2), and for the visual display of precipitation pollution the LED RGB Strip 10.

For the autonomous and uninterrupted operation of the portable device for sampling atmospheric
precipitation on the lid of a cylindrical hull 7 (see Fig. 3), a solar panel 4 (see Fig. 2) is installed, the current
from which flows through the charge control module 5, to the power storage, programmed by the board 1.

Power supply 2 in cloudy weather conditions recharges a little the energy storage. In sunny weather
conditions, the charge current from the solar panel 4 acquires the regulatory values, as a result, the control
board 1 through the charging control module 5 disconnects additional charge.

To check the workability of the portable device and simulate the technological process of sampling
atmospheric precipitation, we use the software product ANSYS (Fig. 4) [1, 12].

We set boundary conditions that the flow is open and depends on the water pressure, frequency of
rotation of the impeller is 50 rpm.

Under these boundary conditions, we obtain the following distribution of the fluid pressure created
by the impeller on the walls of the body (Fig. 5), as well as its moving speed (Figs. 4-7).

As we see from the concentration fields, the intensity of the increase of pressure occurs at the place
of collection of liquid atmospheric precipitation and is 6.034 Pa.
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Fig. 4. The distribution of the pressure of the fluid created by the impeller on the walls of the hull

Fig. 5. The distribution of fluid flow rate at the entrance to the portable device
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Fig. 6. The distribution of the velocity of the fluid created
by the impeller in the hull of the portable device
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Fig. 7. The distribution of the flow rate of the liquid at the entrance to the samplers
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As can be seen from the results of the modeling of the operation of the device (Fig. 6-8), the fluid
flow acquires the maximum values at the output of the hull of the portable device and is 0.082 ms™.

Conclusions

The article considers the possibility of solving the problem of environmental monitoring of
constantly operating and accidental sources of pollution of the environment by the level of pollution of
liquid atmospheric precipitation.

The design of a portable system is substantiated, which makes it possible to obtain samples of liquid
atmospheric precipitation in different time intervals, regardless of the location of the device.

According to the results of modeling and checking, the workability of the portable device, it is
determined that the intensity of the pressure increase occurs at the place of collection of liquid atmospheric
precipitation and is 6.034 Pa, and the total mass flow of water is 0.00125646 kg s™.

Perspectives for further studies

In the future, in further research, it is necessary to simulate the design parameters of the device
and to generate its optimal form at a known pressure of the liquid on the walls of the body, the working
bodies and the device in general. It is also necessary to make a prototype device and experimentally check
its robustness. Perform a comparative analysis of the results of modeling the device with the results
obtained experimentally.
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A. 3noouubkuii, O. Marsiiikis, M. Jlooyp, T. Knumkosu4, H. Bokia
Hamionansawuii yHiBepcuTet “JIbBiBChKa moiTexHiKa”

INOPTATUBHA CUCTEMA BIABOPY ITPOBb PIIKUX ATMOC®EPHUX OITAJIIB
© 3006uyvkuii A.,Mamsiiixie O., Jlooyp M., Knumrxosuu T., boxna H., 2019

Y po6oTi po3risiHyTO MOKJIMBICTH BU3HAYEHHS MOCTIHUX Ta BUNAaJKOBHX JKepes1 3a0pyAHEeHHS
HABKOJIMIIHLOTO cepeloBHIIA 3a piBHeM 3a0pyaHeHOCTi pigkux armocdepHux omagiB. OxpeciieHo
npodaeMaTuky 3adopy npod pigkux arMocepHUX onaJgiB Ta MOHITOPMHIY KOHUeHTpauii 3a0py1HeHb
3a 4acoM BHNAAiHHA aTMochepHuX omaaiB. OOIpyHTOBAaHO JOUINBHICTE PO3POOKHM NOPTATHBHOL
CHUCTEeMM, 1110 A03BOJIfA€ 3aiiicHIOBATH 326ip 1po0 pinkux aTMocdepHHUX ONadiB Y ABTOHOMHOMY pPe:KHUMi B
Pi3HMX YacoBHX iHTepBaJax Ta mepiogax BUNAJIHHA J0UIY, He3aJIe:KHO BiI Micus HOro BCTAHOBJIEHHS.
OnucaHo KOHCTPYKTHBHI 0CO0JMBOCTI eJeKTPHYHOI Ta MeXaHIYHOI YACTHH HNPHCTPOIO, a TAKOK
anroputrMm ix podoru. HaBeneHo pe3yjJbTaTH MOJeTI0BaHHS Ta IepeBipkM podOTO3IATHOCTI MopTa-
THBHOI'0 NPUCTPOIO 32 IKMMH BU3HAYEHO fioro cymMapHuii MacoBuMii 3a0ip Boau.

Karwouosi cinoBa: atMmocdepHi omagu, MOpPTAaTHBHA cHCTeMa, NPHUCTPii, NMPUBOAHA IIEeCTEPHS,
3a0ip npo0, 3a0pyaHeHHsI, Kepyloua IJiaTa, 1aBady.
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