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Pedepar:

1. B pucepTaniiHiil poboTi 1151 BUpPiLIeHHS 3314, IOB'SI3aHUX 3 LOCIIiIP)KeHHSIM IIPOLIECiB CIIAIIOBAHHS CyMilllel 3
I00aBKaMU BOJHIO 10 MeTaHy, BUBHAUEHHSIM iX TEIJIOTH 3TOPsIHHS, AOCJiI)KEeHHSIM YTBOPEHHSI OKCUIiB a30Ty OYB
IOTpallbOBaHU eKCIIEPUMEHTAJIbHUM CTeH]I, a TAKOXK PO3po06JieHa BiflTOBiHA METOIMKA ITPOBEIEHHSI
excriepuMeHTiB. [Ipoliec ropiHHS B po0OTi PO3IJISAaBCs SIK TPUKOMIIOHEHTHA PEaKllisl 3a y4acTio BOJSHOI apy, 1o
MiCTUATBCS B aTMOC(epHOMY NOBITpi, po3Maj, BOJY Ha CKJIALOBI 3aIyCKae OCHOBHI ITPOL[€CH JIAHLIIOTOBUX PeaKIii,
SIKi IpUTaMaHHi FOPiHHIO NasuBa. TeopeTuyHe BUBYEHHS [IPOLECIB TOPiHHS BKIIIOYAJIO KiJIbKICHUI aHaJli3 eHeprii,
sIKa BUTPAYa€eThCs HA HArpiB Ta BUNIAPOBYBAHHS BOJH, 10 MiCTUTLCS B aTMOC(EPHOMY IOBITPi, Ta OLiHKY il 4aCTKu
II0 BiIHOIIEHHIO 10 KOPMCHOI €Heprii nanauBa, siKa 3aJI€>XKUTh Bifl BMICTY BOJHIO B Ma/IMBi Ta KOeQillieHTy HaJ/IMLIKy

noBiTpst. Bu3HaueHo, mo npu BMicTi Bosioru y nosiTpi 20r/m3 i koediuieHTi HagMIKy noBiTp4 1,15, 3HaueHHS Liei



YaCTKY €Heprii 3HaxonuThes B MexXax Bif, 1,98% (npuponuuii ras) 1o 6,01 % (BogeHb). 3 METOIO BUSBJIEHHS BILJIUBY
IOMIIIOK BOJHIO, IKMI II0JABABCS Y BUIJISIi BOGHOIO PO3YMHY IIEPEKUCY BOJHIO, HA IIPOLEC YTBOPEHHS OKCUIIB
asory i fookucseHHst NO o NO2 y npouecax ropiHHs, 6yJu IpoBeieHi eKCllepuMeHTabHi JOCiIpKeHHs. Po3unH
IepeKuCy BOJHIO Pi3HOI KoHLeHTpauii (Bix 4% 1o 30%, 10 BifnoBinano BMiCTy BOJHIO Y BOOHOMY po3uuHi Bif 10,8%
10 9,44%) BHOCUBCS Y BUIJISIAI KpaIli piiuHu y GPOHT NoyM’st lamiHapHOro ¢gakesly MeTaHy. BctanoieHo, 1m0
XapaKTep OTPMMAaHMX 3aJI€KHOCTEN € aHAJIOTIYHMM PO3IO/ily KOHIIEHTPALlii MOHOOKCHUZY a30Ty IIPYU BBEJCHHI y
(POHT NoJIyM’st Kparli AUCTUIIbOBAHOI BOJU. [HTEHCUBHE 3pOCTaHHS KOHLEHTpPaLlil OKCUIIB @30Ty CIIOCTEPIraeThes
BX€ y I0YaTKOBUX Iepepisax PPOHTY MOIyM’st 3 MOMEHTY I104aTKy PO3irpiBaHHs CyMillli e 10 JOCATHEHHS
MaKCUMaJbHOI TemnepaTypu. [Ipy YoMy 4MM BUIllAa KOHLEHTPaLig po3unHy H202, 10 BHOCUTBCS Y (PPOHT NOTyM's],
THM iHTEHCUBHIlIE Bil0yBA€THCSI 3pOCTAHHS BMiCTy OKCUIiB a30Ty. [Ipu BHeceHi y PpoHT nosym’st 30% po3unHy
H202 (o Bignosigae Bmicty H2 B po3uuHi 9,44 %) piBeHb KOHLeHTPaLii NO NpakTU4HO AOCSTa€e OYAaTKOBOTO,
TOOTO OJI€P>KAaHOr0 6€3 BHECEHHS KpalIMHHOI Bosioru (90-95 mr/m3), Tozi ik BHeceHHs y GpoHT nosaym’st H20 (o
Bignosinae Bmicty H2 B po3uuHi 11,1 %) npuBoguTh 10 3HMXKEHHS KoHLeHTpauii NO 1o 65 mr/m3, To6To Ha 35-40 %.
Lle MOXJIMBO MOSICHUTU TUM, 10 H202 inTeHcusHime Hixx H20 yrBoploe pagukan OH-, mo 6epe akTUBHY y4acTb y
OKMCJIEHH] BYryIeBOHIB. TakuM 4MHOM, 36isbmeHHs KoHLeHTpauii H202 1o 30% y po3uuHi (BianosinHoO
KoHLeHTpauii H2 B po3unHi 10 MiHiMasipHOI B eKcriepuMenTax - 9,44%) npu3BoAunIIo Ao 361/1blIeHHsI CyMapHOro
BUXOJly MOHOOKCHULY a30Ty Ha 35-45% [1J11 yMOB €KCIIEPMMEHTY 3a PaXyHOK iHTEHCHBHIIIOTO YTBOPEHHS PaiuKaliB
OH-, HO2- i 36isb1I€HHs piBHS TeMIIEPATYp 3a paxyHoOK poropaHHs CO. Binokpemieni BumiptoBanns NO i NO2
I0Ka3aJy, 1o 3ajexHicTb yacTku NO2 Bi BMicTy H2 y po3unHi, 110 BBOAUTHCS Y PPOHT MOTIYM's], €
HEOJHO3HAYHOIO i iICTOTHO 3aJ1eXXUThb Bif, Micls Binbopy nipobu B riepepisi pponTy nonym’s. Temnepartypa noHasm
800 C icToTHO BIJIMBA€ Ha MIBUJKOCTI PeaKliii i 3MiHIO€ KiHeTUKY NIPOLECIB, 10 Bifi0yBalOTLCS 32 YYACTi IEPEKUCY
BOJHIO, IPUYOMY Y Pi3HUX Ilepepi3ax PPOHTY Li 3MiHU Pi3Hi 3a XapaKTePOM, 10 MOKHA MTOSICHUTY 3MEHUIEHHSIM
yacy icuyBaHHsS H202 y nonym’i ( 20 mc i meHue). HalicnpusitiauBimmmy ymoamu fookucieHHs NO B NO2 e
BBeJleHHS Y hakesl pO34MHY, B IKOMY BMicT BoAHIO cTraHoBUTh 10,0 - 10,5 %, y TemnepatypHomy inTepsaii 800 —
1000° C. llum ymoBaM BiATIOBifiae He (PPOHT IOJIyMs, @ 3aMI0JIyM'siHA 06s1acTb. TOMY IIpU 30iIbIIEHHI KOHIIEHTpaLLii
BOJHIO y METAaHOBOJHEBIl IIAJIMBHIN cyMilli y TOmLi KOTJa 6yze BinmnosigHo 3poctatu KoHUeHTpatis NO, yacTka
NO2 6yne 3ameHuyBaTucs. IHTeHcuBHICTb fookucaeHHs NO B NO2 Mae CBill eKCTpeMyM, SIKUH 3ay1e>KUTh Bif
KOHILIEHTpAallii BOJHIO Y PO3UHHi, 110 BBOAUTHCS. MakcumasnbHe yTBopeHHs NO2 B HallMX €KCIIEPUMEHTAxX
crioctepiranoch 1j1s1 BMicTy H2 y po3unHi 6113bK0 9,4%. 36inbi1eHHs KoHLeHTpauii po3unny H202 Big Hy7s 10
30% (i BinmOBiTHO 3MEHIIEHHS BMiCTy BOLHIO y po34uHi Bif, 10,8% 1o 9,44 %) npu3Boguiio 0o 30ibIIeHHs
CyMapHOT0 YTBOPEHHS OKCHU[IiB a30Ty Ha 35-45% i 36i/bLIeHHS PiBHS TeMIlepaTyp B TOMY YUCIIi 32 paXyHOK
moropanss CO.

2. In the dissertation, an experimental laboratory stand was developed to solve the problems related to the study
of combustion processes of mixtures with hydrogen added to methane, the determination of their heat of
combustion, the study of the formation of nitrogen oxides, and the appropriate method of conducting experiments
was also developed. The combustion process in the work was considered as a three-component reaction involving
water vapor contained in the atmospheric air, the breakdown of water into components triggers the main
processes of chain reactions that are inherent in fuel combustion. The theoretical study of combustion processes
included a quantitative analysis of the energy spent on heating and evaporation of water contained in the
atmospheric air, and estimates of its share in relation to the useful energy of the fuel, which depends on the
hydrogen content in the fuel and the coefficient of excess air. It was determined that with a moisture content in
the air of 20g/m3 and an excess air ratio of 1.15, the value of this share of energy ranges from 1.98% (natural gas) to
6.01% (hydrogen). In order to identify the effect of hydrogen impurities, which was supplied in the form of an
aqueous solution of hydrogen peroxide, on the process of formation of nitrogen oxides and post-oxidation of NO
to NO2 in combustion processes, experimental studies were conducted. The hydrogen peroxide solution of
different concentrations (from 4% to 30%, which corresponded to the hydrogen content in the aqueous solution
from 10.8% to 9.44%) was introduced as a drop of liquid into the flame front of the laminar methane torch. It was
established that the nature of the obtained dependences is similar to the distribution of nitrogen monoxide



concentration when a drop of distilled water is introduced into the flame front. An intense increase in the
concentration of nitrogen oxides is already observed in the initial cross-sections of the flame front from the
moment the mixture begins to heat up, even before the maximum temperature is reached. Moreover, the higher
the concentration of the H202 solution introduced into the flame front, the more intensively the nitrogen oxide
content increases. When a 30% H202 solution (which corresponds to a 9.44% H2 content in the solution) is
introduced into the flame front, the level of NO concentration almost reaches the initial level, i.e. obtained without
the introduction of droplet moisture (90-95 mg/m3), while introduction into the front the H20 flame
(corresponding to the H2 content in the solution of 11.1%) leads to a decrease in the concentration of NO to 65
mg/m3, i.e. by 35-40%. This can be explained by the fact that H202 forms the OH- radical more intensively than
H20, which takes an active part in the oxidation of hydrocarbons. Thus, an increase in the concentration of H202
to 30% in the solution (corresponding to the concentration of H2 in the solution to the minimum in the
experiments - 9.44%) led to an increase in the total yield of nitrogen monoxide by 35-45% under the conditions of
the experiment due to the more intensive formation of OH- radicals, HO2- and an increase in the temperature
level due to the afterburning of CO. Separate measurements of NO and NO2 showed that the dependence of the
fraction of NO2 on the content of H2 in the solution introduced into the flame front is ambiguous and significantly
depends on the place of sampling in the cross section of the flame front. A temperature above 800 °C significantly
affects the reaction rate and changes the kinetics of the processes taking place with the participation of hydrogen
peroxide, and these changes are of a different nature in different sections of the front, which can be explained by a
decrease in the time of existence of H202 in the flame (20 ms or less). The most favorable conditions for the
reoxidation of NO to NO2 are the introduction into the torch of a solution with a hydrogen content of 10.0 - 10.5%,
in the temperature range of 800 - 1000° C. These conditions are not met by the flame front, but by the flaming
area. Therefore, with an increase in the concentration of hydrogen in the methane-hydrogen fuel mixture in the
boiler furnace, the concentration of NO will increase accordingly, and the proportion of NO2 will decrease. The
intensity of the post-oxidation of NO to NO2 has its extreme, which depends on the concentration of hydrogen in
the injected solution. The maximum formation of NO2 in our experiments was observed for the H2 content in the
solution of about 9.4%. An increase in the concentration of the H202 solution from zero to 30% (and, accordingly,
a decrease in the hydrogen content in the solution from 10.8% to 9.44%) led to an increase in the total formation of
nitrogen oxides by 35-45% and an increase in the temperature level, including due to afterburning CO.
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