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Pedepar:

1. B pucepTauiiiHiil poboTi 1J1s1 BUpPilleHHs 33712y, I0B'sI3aHUX 3 LOCIiI>)KEHHSIM ITPOLIECiB CIIaI0OBaHHS CyMillell 3
Io6aBKaMU BOJHIO 1O METaHy, BUBHAUYEHHSIM iX TEIJIOTH 3rOPsIHHS, AOCJiIPKEHHSIM YTBOPEHHS OKCUJIiB a30Ty OYyB
IOTIPAIbOBAHUI €KCIIEPUMEHTANbHUN CTEH]I, 8 TAKOXK pOo3p06JieHa BiANOBiTHA METOAMKA IIPOBEACHHS
eKCIIepMMEHTIB. [Ipoliec ropiHHs B poOOTi PO3IiIsiaBCs sIK TPUKOMIIOHEHTHA Peaklis 3a y4acTiO BOJSHOI apy, 1o
MiCTUATBLCS B aTMOC(EPHOMY NOBITpPi, PO3MaJ, BOJY Ha CKJIAJ0Bi 3allyCKae OCHOBHI IIPOLI€CH JIAHLIIOTOBUX PeaKliii,

4Ki IpUTaMaHHi rOpiHHIO NanuBa. TeopeTuyHe BUBYEHHS IIPOLECIB FOPIHHSA BKJIIOYAJIO KiJIbKICHUI aHaJi3 eHeprii,



sIKa BUTPA4Ya€eThCs HA HArpiB Ta BUNAPOBYBAHHS BOJH, 10 MiCTUTHCS B aTMOC(PEPHOMY IIOBITPi, Ta OLiHKY ii 4aCTKH
I10 BiJHOIIEHHIO O KOPUCHOI eHeprii nannBa, sika 3aJ1e>KUTh Bifl BMICTy BOJHIO B IIaJUBi Ta KoedillieHTy HaJJIUIIKy
noBiTps. Bu3HaueHo, o npu BMicTi Bosioru y noBiTpi 20r/m3 i koedilieHTi HagIMIKy NoBiTp4 1,15, 3HaueHHs Ljei
YaCTKY €Heprii 3HaxonuThes B Mexax Bif, 1,98% (npupoguuii ras) 1o 6,01 % (BomeHb). 3 METOIO BUSIBJIEHHS BILJIUBY
IIOMIIIOK BOJHIO, IKUM TIOAABaBCs Y BUIJIAI BOJHOTO PO3YMHY IIEPEKUCY BOJHIO, HA IIPOLEC YTBOPEHHS OKCHUIIB
azory i fookucseHHst NO o NO2 y niponecax ropiHHs, 6yJu IpoBeieHi eKClieprMeHTalbHi JoCliIKeHHs. Po3unH
IepeKucy BOJHIO pi3HOI KoHUeHTpalii (Bix 4% mo 30%, 110 BifnoBinano BMiCTy BOJHIO y BOGHOMY po3uuHi Bif 10,8%
10 9,44%) BHOCUBCS Y BUIJISIAI KpaIli piiuHu y GPOHT NOoyM’s laMiHapHOro ¢gakesly MeTaHy. BctaHoBieHo, 10
XapaKTep OTPMMAaHUX 3aJI€KHOCTEN € aHAJIOTIYHMM PO3MO/iNy KOHIIEHTPAllii MOHOOKCUZY a30Ty IIPU BBEJEHHI y
(POHT NoJsIyM’st KpaIli AUCTUIbOBAHOI BOU. [HTEHCHBHE 3pOCTaHHS KOHLEHTpPALlil OKCUIIB @30Ty CIIOCTEPIiraeThes
BXE y I0YaTKOBUX Tepepisax PPOHTY MOIyM’st 3 MOMEHTY I104aTKy PO3irpiBaHHs CyMillli e 10 JOCATHEHHS
MaKcUMaJbHOI TemnepaTypu. [Ipy YoMy uMM BUIllAa KOHLEHTPalig po3unHy H202, 10 BHOCUTBCS Y (PPOHT NOIyM's],
THM iHTEHCUBHIlIe BilOyBa€THCS 3pOCTAHHS BMIiCTy OKCUIIB a30Ty. [Ipu BHeceHi y PpoHT nosym’st 30% po3unHy
H202 (mo Bignosigae Bmicty H2 B po3uuHi 9,44 %) piBeHb KoHLeHTPpalii NO NpakTU4HO AOCsTae I0YaTKOBOTO,
TOOTO Ofep>kaHoro 6e3 BHeCEHHs KparnHHOI Bojioru (90-95 Mr/m3), Toi sIK BHeceHHs Yy GpoHT noaym’s H20 (o
Bignosinae Bmicty H2 B po3uuHi 11,1 %) npuBoguTh 10 3HMKEHHS KoHUeHTpauii NO 1o 65 mr/m3, To6To Ha 35-40 %.
Lle MOXJIMBO MOSICHUTU TUM, 110 H202 inTencusHime Hixx H20 yrBoploe pagukan OH-, mo 6epe akTUBHY y4acTb y
OKMCJIEHH] ByIJIEBOJHIB. TakuM 4nHOM, 36isbiieHHs KoHueHTpauii H202 no 30% y po3unHi (BifoBiTHO
KOHLeHTpauii H2 B po3unHi 10 MiHiMa/bHOI B eKcriepuMeHTax - 9,44%) Mpu3BOANIIO [I0 30i/IbIIEHHS CyMapHOTO
BUXOJly MOHOOKCHUIY a30Ty Ha 35-45% 1J11 yMOB €KCIIEPMMEHTY 3a PaXyHOK iHT€HCHBHIIIOTO YTBOPEHHS paiuKaliB
OH-, HO2- i 36inb11€HHS PiBHS TEMIIEPATYp 3a paxyHoK poropaHHs CO. Binokpemieni BumipoBanns NO i NO2
IoKasaJu, 1o 3ajexHicTb yacTku NO2 Bif BMicTy H2 y po3unHi, 110 BBOAUTHCS Y PPOHT NOTIYM's, €
HEOJHO3HAYHOIO i iICTOTHO 3aJ1eXXUTh Bif, Micls Binbopy Ipobu B riepepisi ppoHTy noaym’s. Temmnepartypa noHasm
800 C icTOTHO BIJIMBA€ Ha MIBUJKOCTI PeaKliii i 3MiHIO€ KiHeTUKY IIPOLECiB, 10 Bifi0yBalOTHCS 32 yYaCTi IEPEKUCY
BOJHIO, IPUYOMY Y Pi3HUX Ilepepi3ax PPOHTY Lii 3MiHU Pi3Hi 3a XapaKTepPOM, 10 MO>KHA MOSICHUTY 3MEHUIEHHSIM
yacy icnyBanHs1 H202 y nonym’i ( 20 mc i meHne). Halicnpusgtausimmmu ymosamu gookuciuaeHHst NO B NO2 e
BBe[leHHS Y akesl pO34MHY, B IKOMY BMicT BoAHIO cTraHoBUTs 10,0 - 10,5 %, y TemneparypHomy inTepsaii 800 —
1000° C. Ilum yMmoBaM BiTIOBifjae He (PPOHT IOJyMs, @ 3aII0JIyM'sIHA 06s1acTb. TOMY U 30ibIII€HHI KOHIIEHTpaLLii
BOJHIO y METAaHOBOJHEBI! NTAJIMBHIl CyMillli y TOILi KOTJIa 6yze BiANoBigHO 3pocTaTtu KoHueHTpauis NO, yacTka
NO2 6yne 3menmyBaTucs. [HTeHcuBHICTh fookucaeHHs NO B NO2 mae CBill eKCTpeMyM, SIKUH 3aJIe5KUTh Bif
KOHIIEHTpALlii BOGHIO Y PO34MHI, 110 BBOOUTHCA. MakcumasbHe yTBOpeHHS NOZ B HalllMX €KCIIEPUMEHTaX
criocrepiranocs Ay BMicty H2 y po3unHi 6;113bK0 9,4%. 36ibl1€HHS KOHLeHTpauii po3unHy H202 Bin Hyi1s 1o
30% (i BinmoBiHO 3MEHIIEHHS BMiCTy BOLHIO y po34uHi Bif, 10,8% 1o 9,44 %) npu3Bouio no 30ibIeHHs
CyMapHOT'0 YTBOPEHHS OKCHUIiB a30Ty Ha 35-45% i 36isblIeHHS PiBHS TeMIIepaTyp B TOMY YUCJIi 32 paXyHOK

noropaHss 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,/ma3, 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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