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employer does not hope for any support from above. He himself or taking into account the opinion of
the competent body authorized by the employees determines what needs to be done now, and what can
be done later, based on financial capabilities. Under these conditions, the right solutions will not
always be found, especially if, by tradition, labor protection is considered a costly element in the
economic policy of an enterprise.

The Occupational Safety and Health Management System aims to reduce injuries and morbidity
among employees by creating healthy and safe working conditions. The following tasks are required to
achieve this goal:

- improve organizational and legal activities on labor protection issues;

- anticipate the emergence of harmful and dangerous production factors, identify existing ones,
eliminate them, improving working conditions and increasing its productivity and safety;

- analyze the impact of working conditions on injuries and morbidity;

- carry out preventive measures to prevent fires;

- develop and implement science-based action plans for labor protection;

- improve the organization of training on labor protection.

Occupational safety should take its rightful place and not be an integral part of the organization
of production, but be its goal. At the same time, the goal is not a psychosis of safety, but painstaking
work at all stages of the preparation and functioning of production, ensuring a sharp increase in labor
productivity.
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The article presents the processes of modeling the aerodynamic flow of air in a micromodule
gas burner with a sudden expansion at the outlet. The aerodynamic flow is modeled in the COMSOL
MULTIPHYSICS software package, which is reasonable in terms of availability and quality. The
analysis of the micromodule gas burner revealed that the dynamic and geometric characteristics affect
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the aerodynamics and velocity profiles. Different air flow velocities significantly affected the intensity
of the formation of recirculation zones, which led to an increase in pressure in the circuit.
Accordingly, the flow at different heights of the cylindrical nozzle has shown that the dimensions will
affect the combustion processes and, as a consequence, the stabilization and formation of nitrogen
oxides.

Keywords: sudden expansion, software modeling, recirculation zones, velocity profiles,
pressure contours.

1. Introduction

For the best gorenje process, it is necessary to ensure the stabilization of the torch and a
decrease in the concentration of nitrogen oxides. Based on the results of theoretical and experimental
data [1-7], the authors concluded that it is possible to achieve low emission gorenje by stabilizing
microfakels. The patented micromodule air nozzle introduced into the production process has shown
that the Venturi pipe provides complete mixing of gas and air, which is a good stabilizer with low
formation of harmful emissions.

The burner includes input and output registers (or swirlers), a fuel tube and a cavity for mixing
the fuel-air mixture, characterized in that the cavity is made in the form of a Venturi pipe, and fuel
injection is carried out in the first narrow section after the input swirler. The disadvantages include the
fact that the installed swirlers do not provide hydrodynamic resistance. The disadvantages include the
fact that the installed swirlers do not provide hydrodynamic resistance.

Numerical simulation was performed on a micromodule gas burner, with a Venturi pipe and a
cylindrical nozzle. Since the nozzle is of large diameter, a sudden expansion is formed at the junction
of the nozzle with the Venturi pipe, which is a good stabilizer. In addition, secondary air enters
through the slots to the nozzle, which ensures high gorenje, combined fuel-air mixture with low NOXx
output. The result is achieved by burning natural gas in a micromodule gas burner consisting of a
Venturi tube, a fuel tube and a sprayer, characterized in that a large diameter cylindrical nozzle with
outlet slots is installed to the diffuser part.

Thus, the burner can provide low-emission and sustainable combustion of natural gas in small
hot water boilers. The article presents the results of numerical simulation of a micromodule gas burner
at different air speeds, in order to determine the aerodynamic parameters of a cylindrical nozzle.

2. Methods
The construction of a model of the burner under study in three-dimensional space was carried
out in the SolidWorks software package. The simulation result is shown in Figure 1.

Figure 1 - Burner Model

The modeling object consists of a venturi pipe and a cylindrical nozzle with a larger diameter,
input and output areas. The purpose of the simulation is to determine the pressure and velocity
contours, to determine the recirculation zones, as well as their effect on the aerodynamics of the air
flow.

462



Direct numerical simulation of the burner, according to the definition of the above parameters,
was performed in the Comsol Multiphysics software.

In view of the fact that the article considered only the effect of fuel supply, the value of fuel
consumption was not taken into account when modeling.

When solving flow turbulence, different turbulence models are used. In this case, the 3D model
k-g realizable (realizable) was applied.

Figure 2 shows a tetrahedral adaptive computational grid of the simulated area. The grid
consists of a group of tetrahedra, with more than 5000 elements in it, which makes it possible to
efficiently calculate various variations of the stress field and obtain a highly accurate result.

2

Figure 2 - Adaptive computational grid of the simulated area in COMSOL Multiphysics

3. Results and discussion

Speed contours. Figure 3 shows the velocity contours at different initial air velocities at the
gas burner inlet. It can be seen from the figures that for all the initial velocities of the air entering the
burner, acceleration is characteristic in the narrowing channel of the Venturi tube, after which, falling
into the expanding part of the tube, the flow slows down, which gives time for effective mixing of
gaseous fuel with air.
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Slice: Velocity magnitude (m/s)

c)

Figure 3 - Speed contours:
3a—3m/s; 3b—5m/s; 3b— 10 m/s

Pressure contours. Figure 4 shows the pressure contours of a micromodule gas burner at
different speeds. As can be seen from the figures, zones with negative pressures are formed in the
cylindrical nozzle at minimum speeds, and at high speeds, the formation of zones with high pressures
at the outlet of the cylindrical nozzle is observed, which characterizes the stabilization in the
recirculation zones.
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Figure 4 - Pressure contours
4a—3mls; 4b — 5 m/s; 4b — 10 m/s

Recirculation zone. Figure 5 shows the recirculation zones at different speeds. Vortices are
visible in the large diameter nozzle, which clearly demonstrates the formation of an extensive
recirculation zone of the fuel-air mixture. At the junction of the nozzle with the Venturi pipe, a sudden
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expansion is formed, which leads to a high stabilization of the fuel-air mixture. Thus, the aerodynamic
parameters of the cylindrical nozzle are determined.
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Figure 5 - Recirculation zone
5a—3 m/s; 5b —5 m/s; 5b — 10 m/s

4. Conclusions

The analysis of the micromodule gas burner revealed that the dynamic and geometric
characteristics affect the aerodynamics and velocity profiles. The use of numerical modeling methods
allows us to visually illustrate the complex aerodynamic processes occurring in the burner device.

Based on the data obtained, the authors concluded that the design of the Venturi tube, where the
air flow in the lending-expanding channel of the tube first expands and then stabilizes, affects the
efficiency of mixing gaseous fuel with air.

3. It can be seen from the drawings of the velocity contours that an extensive zone of reverse
currents is observed at the highest initial air velocities (5-10 m/s).

4. At high initial speeds, there is also an increase in pressure in the narrowing channel of the
burner tube and a decrease in the expanding channel, thereby increasing the time for more complete
mixing of the fuel-air mixture, as a result, efficient combustion occurs.

In conclusion, | would like to note that further developments and research in the field of
microfakel technology of fuel combustion will serve to improve the environmental situation around the
world and solve the problem with the lack of capacity in the energy systems of different countries.
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Beéeoenue. OmauM W3 TIIABHBIX TNPUOPUTETOB PA3BUTHS COBPEMCHHOW TETUIODHEPTCTUKH |
MIPOM3BOJICTBA SIBIISIETCS MpoOiieMa dHEprocOepekeHUsi MOCPEACTBOM SKOHOMHOTO HCIOJIb30BAHUS
TOIUIMBHO-DHEPIreTUYECKUX 3aMacoB. OJTO B CBOIO OdYepeab OOYCIaBIMBAaET HEOOXOJIUMOCTh
pa3paboTku u BHeApeHUs 5S(PQPEKTUBHBIX METOAOB HHTEHCH(UKAIMM TEIIo- U MaccooOMeHa,
YMCHBIICHUA THUAPABIUMYCCKHUX HW TCIUIOBBIX TMOTCPhL IIPH TPAaHCIOPTUPOBKE pa60q1/1x cpea B
TeruooOMeHHuKax u p. OJTHUM Ba)XHBIM HAIPaBIIEHUEM MPECTaBIsIeT cOO0M mpobdiemMa pa3pyieHus
Y yJlaJIeHHsI TBEPAbIX HAKUITHBIX OTJIOKEHHH C TEIIO0OOMEHHBIX TTOBepXHOCTEe# [1-7].

Haxkwump (scum, scale) — TBepabie OTIOXKEHHUA, 0Opa3yroOIIMecs Ha BHYTPEHHUX CTEHKaxX TPYO
TEIUI0Tpacc, MapoBbIX KOTJIOB, TEIJIOOOMEHHHKOB, BOJSHBIX SKOHOMAaW3epoB, MapoleperpeBareiei,
UcnapuTesie U Ipyrux TemI000MEHHUKOB, B KOTOPHIX UCTIApsieTcsl UK HarpeBaeTcs Boja. Paznuunbie
MPUMECH U COJIM, COJIepKallluecs BOJie, IPH HArpeBaHWU W UCHApPEHUH 00pa3yroT TBepAyl (a3y B
BUJIE¢ HAKWIMK HA BHYTPEHHHUX MOBEPXHOCTSAX MApOT€HEPaTOpOB, UCHApUTENEH, MomorpeBaTeneid u
KOHACHCATOPOB MMAapOBBIX Typ6I/IH Haxkumnarle oTIIOKEHUS CO BPEMCHCM MOTYT ITOJHOCTBIO 3aII0JIHUTH
BCI0O BHYTPEHHIOIO TOJIOCTH TPYOBbI, BBI3BaTh OOpa30BaHHME TPEUIMH W pa3pbiB. TemaonpoBOTHOCTH
HAaKUIOHBIX OTJIOKEHUI B ACCATKH, 4aCTO B COTHH, pa3 MCHbIIC TCIUIOIIPOBOAHOCTH METaJlla, U3
KOTOpPOM HM3TOTOBJISIOT TPYObI M MOBEPXHOCTEH TEIIO0OOMEHHWKOB. Hamnuue make TOHKOTO Cios
HAKHITA CO3/1aeT OOJIBIIIOE TEPMHUSCKOE CONPOTUBIICHHE, YXY/IIaeT TeIiooTaaqy. [loBepXHOCTH TIpH
HAIMYMW HAKUIHU TEPErpeBaloOTCs, YTO MPHUBOJUT K COKPAIICHHIO CPOKOB HUX CHYyXObl. JlaHHBIC
ACIICKTbl IMPUBOJAT K CHHXXCHHUIO TIPOU3BOJAUTCIIBHOCTU TEIUIO0OMEHHOTO O60py,ZIOBaHI/I${ )51
YBEJIMYEHHUIO PacXojia TOIUIMBA, TIOITOMY HUX yJAJCHHUE SBISETCS aKTyalbHOW MpoOIeMON A BCEX
oTpacjel mpOMBIIIICHHOCTH [2-4].

MHOrourCcIeHHBIN MapK KOTJIOB, BOJO-TIOAOTPEBATENeH U TETNIOOOMEHHBIX YCTPOICTB Maloi U
CpeIHEeH MOIITHOCTH 3a4acTyi0 HCIOJIb3yeT OOBIKHOBEHHYIO CETEBYIO BOJY, Kak TIpaBHIO, O3
MPOBEJICHUS CIelraIbHOH 00pabOTKH, YTO MPUBOAUT K ObICTpoMy o0Opa3oBaHui0 Hakumu. Ha
IMPAKTUKE HpO(bHHaKTquCKHe MCPONPUATHA CBA3aHBI C YIAJICHHUEM U3 NHATATEILHOU BOJbI coneﬁ,
MOTJIONIEHUEM WX Pa3NUYHBIMU (UIBTPAMHU, HOHUTAMH, AO0ABICHHEM XHMHUYECKHX BEIIECTB.
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