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Pedepar:

1. B mepumomy po3pnisii frucepTaniiftHoi po60TH ONMCaHO 3ac06u opraHizauii po604oro Mpouecy 0HOro 3 BUTiB
IIPOMHUCJIOBUX MT€YeH — HU3bKOTEMIIEPATYPHUX I€YeN MaJIOi IOTYKHOCTI. BigMideHe, 110 IEPCIIEKTUBHYM €
iMITyJIbCHUH pe>KUM POOOTHU IaJIbLHUKOBUX IIPUCTPOIB Ta Neyi B 1isioMy. OJHUM i3 OCHOBHUX HaIPSIMKIB
HiABUILEHHS TEIJIOBOI €()eKTUBHOCTI BOTHETEXHIYHOTIO 06J1afHAHHS € BUKOPMCTAaHHS HOBUX ITPOTPECUBHUX
TEXHOJIOTI! CrlajiloBaHHs nasnusa. BucHoBku. Ha ocHOBI npuBezneHoi iHpopmanii MoskHa 3po6UTH Taki BUCHOBKY: 1.
JJ1 CTBOpEHHA Ta MOJepHi3alii icHyounx BO ocHOBHUM iHCTpyMeHTOM € [1I1 Ha OCHOBI TEXHOJIOTII ClIaIl0BaHHSA
sKa BiJI[IOBilae BCiM BUMOraM €KOHOMIYHOCTI, €KOJIOTi4HOi 6e31eKy Ta HafiHoi poboTtu BO. 2. CTpymeHeBo-HileBa
TEXHOJIOTIA Jae 3MOTy MOJEPHI3yBaTH HU3bKOTEMIIEPATYPHI €4l Masioi MOTY>KHOCTI. Y APyroMy po3pii onvcaHa

METOJ0JIOTis T2 METOAMKA IIPOBEIEHHS AOCiIPKeHb Ha eKCIIEpUMEHTAIbHUX CTEHIAX B JIabOpaTOPHUX YMOBaX Ta



IIPOMHUCJIOBUX 00’e€KTaxX. BucHOBKU. By onucaHi KOHCTPyKLii Ta METOIMKY iCIIUTIB HA €KCIIEPUMEHTAJIbHUX
crenpax. O6uyrciieHi ToxXubKU BUMipIoBaHb. Y TPETbOMY PO3ZiJi onrcaHa KOHCTPYKIisl Ta pobounii rpoiec nedi 3
BUMiKaHHS KeKCiB Ha gaTchKoi habpuli «Xaac-MaiiHke». [171s o1iHKY e(peKTUBHOCTI pOOOTH Meyi i ckiafaHHs il
TEIJIOBOTO 0aslaHCy 6yJI0 BUMIPSIHO Psifl y3ro[KE€HUX apaMeTpiB. AHaJi3 OTPMMAHUX JAaHUX JO3BOJIMB BUPAaXyBaTU
BTpPaTy METAHY i TaKOXX BUKUIY YaJHOI0O ra3y Ha KOKHOMY i3 IOCIIiIKyBaHUX PeXMMIB. BucHoBku. IcHyrouni 111 3
3aKPYTKOIO IIOTOKY OKMCJIIOBAYa, SIKMI1 MTPaLIO€ B iIMITyJIbCHOMY PEXKUMI B IIpolieci pob0oTH Ma€ BeJuKi BTpaTu
yucTtoro Mmetany Bif, 10% no 40% B nepesniky Ha ronMHHUI iHTepBasl. Takox Oysn 3a¢ikcoBaHi HAZHOPMATUBHI
BUKUAY 4agHoro razy CO. B yerBepToMy po3[isi Ha MifCTaBi JOCIIIKEHb ONXCAHUX B TPDETbOMY PO31iji, IPOBENEHO
PO3paxyHOK MakCHMaJIbHOTO HaBaHTaxeHHs [1I] npu texHosoriuHoi Temneparypi 250 °C (MakcuMabHUA 110
BUTpaTi ra3y pexxum pobotu nedi). [TokazaHo, mo icuyrounii I1I1 He BiAnoBifae cBOiM nacnopTHUM JaHuM. lle
BKa3ye Ha HEOOXiIHICTb MOro 3aMiHM, UM MOJEPHi3alliil. B 4KOCTi albTepHATUBU PO3IJISIHYTO OJIM3bKUI 32 TEIJIOBOIO
noTy>kHicTio nanbHuK CHT-11, mo peanidye CTpyMeHEBO-HillleBY TEXHOJIOTIIO CIIaJII0BAHHSA rady Ha MalllMHi 3 BUNALY
BanHa KM-14 na MMK im. Inniva, ge 6yso 3agisiHo wicTk nansHukiB CHT-11, Ta npoBegeHi ix icnuTtu. B peaynbrarti
00pOOKY pe3ysbTaTiB BUIPOOYBaHb OOYOBAaHO BUTPATHY xapakrepuctuky 11T CHT-11, 3rigHo siKoi BUAHO, 110
nianasoH criiikoi po6oTtu oguHuyHoro I1IT CHT-11 cranoBuTs Bif 1 M. Ky6 /rog, 1o 40 m. Ky6 /roz. [1pu nopiBHSHHI
BUTPATHUX XapakTepuctuk [T CHT-11 3 icayrouum mrataum IIT kekc-nevi pabpuku XAAC MAMHKE nokaszaHo, mo
rpu 3amiHi gaHoro wrartHoro 111 Ha manpHuK CHT MokimBa eKkoHOMis nanuBa 1o 40% Ha nepexigHux pexknumax
po6otu nedi. BucHoBku. JlocmigkeHo po6oTy 6a3oBoro moays naabHukiB CHT Ha MiHIMalbHUX pEXMMax 110
IOTYXXHOCTI. BUBHa4€HO KPUTUYHI reOMETPUYHI NIapaMeTpu NPSIMOKYTHOro moayid I1I1 npu skux Tpebda
[IepexXOIUTU A0 UUJIHAPUYHOI POopMHU MisIOHY. B po3aini m'aTh NpuBeeHO KOHCTPYKLis Ta ONKUC podOYOro IpoLecy
neyey 110 BUTOTOBJIEHHIO BadesibHOro nucta padbpuku XAAC (M. Binens) Ta ¢padbpuxu Jominik (m. [TonTasa). Byio
BUSBJIEHO, 1O 3aCTOCYBAaHHS MiKpO(]aKeJIbHUX MaJIbHYKIB IPU3BOISATE [0 PNy CYTTEBUX HEMOJIKIB, TAKUX SIK:
JIOKaJIbHUI NeperpiB BadespHULb (HepiBHOMIPHOCTI IporpisaHHs BadesbHUIb, O6pak TOTOBOI IPOAyKLii), eperpis
Ta pyHHYBaHHS MiIINAITHUKIB KoJlic BadesbHULb (MOKEe IIPU3BECTH 10 3yNIUHKU POOOTH MamKHM). Takox Oysu
3a¢ikcoBaHi HagMipHi BUKMAY YagHOTO ra3dy. BuCHOBKU. BpaxoBylo4uM BUSIBJIEHI HEJOJIIKY PO3IJISHYTUX NI€4el 6yI0
3aMpOINIOHOBaHI METOAM BUPiLIEHHS BUSIBIIEHUX [TPOGJIEM: 3aITPOIIOHOBAHO CXEMY MOJIepHi3allii JaHux rnevyei Ha
OCHOBI CTpyMeHeBO-HillleBOi TexHoJIorii. BuUKOHaHO nonepexHiii po3paxyHOK 6a30BOT0 MajbHUKA HEOOXiHOTO JJ1s1
MoJepHizauii. B mocToMy po3snini guceprauiiHoi po60TH 6yJiM pO3TJIsSIHYTI METOAM YCYHEHHSI HeIOJiKiB OpraHisarii
TonkoBux npouecis B nevax GOCMEN u HAAS, Ta npoBesieHo Bub6ip anbrepHatuBHux I1I1. [IpoBeneHumM
PO3paxyHKOM OYJI0 [TOKa3aHo, o NOTYyXHicTb Moaysst CHT-11 HagBenvka, a 3HMKEHHS HOr0 reOMeTPUIHUX
PO3MipiB 11711 3MEHIIEHHS IOTY>KHOCTi, 06Me>KeHO KpUTHU4HO!o murprHoo 11, mo gopisHioe 50 MM, BHACIIIOK
PYyViHYBaHHsI PIBHOMIPHOCTI Tedil BHAC/iIOK KpalloBuX e(peKTiB. L o6cTaBuHa NPU3BOAUTDb 0 HEOOXiNHOCTI
nepexoy A0 NalbHUKA UUIIHIPUYHOI (pOpMHU, e KpaioBi epeKTu BincyTHi. 17151 BU60pY ONTUMAIbHUX [1apaMeTpiB
[I1 6y70 MpoBeeHO MaTeMaTUYHE MOJEJIIOBAaHHS, HAa OCHOBI SIKOTO 0yJ10 cTBOpeHO Kisbka [T nuninapruyHoi
dopmu i IpoBenieHi JOCHIIKEHHS 3 METOIO BUOOPY onTumanbHoro [1I1. B npoueci icriutiB 6yJ10 BUSIBIEHO
MiHIMalIbHUN KPUTUYHUI PO3MIp i KDUTUYHUI KyT CIiBBiHOLIEHHS! CTPYMEHIB rasy. bysa nifni6paHo ontumanbHa
KoHirypauis am6pasypu I1I1 Ta BusBieHo ii BiuB Ha popMy Ta JOBXKUHY Pakesy. BucHOBKU. Takum 4HOM
IOCJIiI)KEHO OpraHisalilo TOIKOBUX IIPOLIECIB B [leyax: a) [e NaJbHUKOBUI IIPUCTPIil paljloe B iMITyJIbCHOMY

pe)KI/IMi; 6) Ta B I1€49aX [€ 3aCTOCOBYETHCA MiKpOCl)aKe]IbHa TE€XHOJIOTiS CIIajllOBaHHS.

2. The first chapter of the dissertation describes the means of organizing the working process of one of the types
of industrial furnaces - low-temperature low-power furnaces. It is noted that the pulse mode of operation of
burner devices and the furnace as a whole is promising. One of the main directions for improving the thermal
efficiency of fire equipment is the use of new advanced fuel combustion technologies. Conclusions. Based on the
above information, the following conclusions can be drawn: 1. The main tool for the creation and modernization of
existing fire-technical objects (FTO) is the burner device (BD) based on combustion technology that meets all the
requirements of efficiency, environmental safety and reliable operation of FTOs. 2. The jet-niche technology allows
to modernize low-temperature furnaces of low power. The second section describes the methodology and
methodology for conducting research on the experimental stands in laboratory conditions and industrial facilities.



Conclusions. The designs and methods of tests on the experimental stands were described. The measurement
errors were calculated. The third section describes the design and workflow of the cupcake baking oven at the
Danish Haas-Meincke factory. To evaluate the efficiency of the oven and compile its heat balance, a number of
agreed parameters were measured. The analysis of the data obtained made it possible to calculate methane losses
and carbon monoxide emissions in each of the studied modes. Conclusions. The existing BD with a twist of the
oxidizer flow, which operates in a pulse mode during operation has large losses of pure methane from 10% to 40%.
Excessive emissions of carbon monoxide CO were also recorded. In the fourth section, based on the studies
described in the third section, the maximum load of the BD at a process temperature of 250 °C was calculated. It is
shown that the existing BD does not correspond to its passport data. This indicates the need for its replacement or
modernization. As an alternative, a burner SNT-11, which is similar in thermal capacity and implements the jet-
niche gas combustion technology at the lime kiln KM-14 at Ilyich Iron and Steel Works of Mariupol, where six
burners SNT-11 were used, was considered and tested. As a result of processing the test results, a flow
characteristic of the SNT-11 burner was constructed, which shows that the range of stable operation of a single
SNT-11 burner is from 1 m. cubic meter per hour to 40 m. cubic meters per hour. When comparing the
consumption characteristics of the SNT-11 with the existing standard burner of the cupcake oven of the HAAS
MEINCKE factory, it is shown that when replacing this standard burner with the SNT burner, fuel savings of up to
40% are possible in the transient modes of the oven. Conclusions. The operation of the basic module of SNT
burners at the minimum power modes was investigated. The critical geometric parameters of the rectangular
module of the BD burner have been determined, at which it is necessary to switch to the cylindrical shape of the
pylon. Section five presents the design and description of the working process of wafer sheet ovens at the HAAS
factory (Vienna) and the DOMINIK factory (Poltava). It was found that the use of microflame burners leads to a
number of significant disadvantages, such as: local overheating of waffle ovens (uneven heating of waffle ovens,
lack of finished products), overheating and destruction of bearings of waffle ovens wheels (can lead to machine
shutdown). Excessive carbon monoxide emissions were also recorded. Conclusions. Taking into account the
identified shortcomings of the considered ovens, methods for solving the identified problems were proposed: a
scheme for modernizing these ovens based on jet-niche technology was proposed. A preliminary calculation of the
required burner was performed. In the sixth chapter of the thesis, methods for eliminating the shortcomings of the
organization of furnace processes in GOCMEN and HAAS furnaces were considered, and alternative BDs were
selected. The calculation showed that the power of the SNT-11 module is extremely high, and the reduction of its
geometric dimensions to reduce power is limited by the critical width of the BD equal to 50 mm due to the
destruction of flow uniformity due to edge effects. This circumstance leads to the need to switch to a cylindrical
burner, where there are no edge effects. To select the optimal parameters of the burner, mathematical modeling
was performed, on the basis of which several cylindrical burners were created and studies were conducted to
select the optimal burner. The optimal configuration of the BD embrasure was selected and its effect on the shape
and length of the plume was revealed. Conclusions. Thus, the organization of furnace processes in furnaces: a)
where the burner device operates in a pulse mode; b) and in furnaces where microflame combustion technology is
used.
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JonmaTkoBa iHdopmarist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjionanbHuii TexHiuHmil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI bespognunit Muxaiino KoCTIHTMHOBUAY
rOJIOBH pagu

Bnacwue IpizBume Im's I1o-6aTbKOBI Besponnuit Muxanino KocTSHTUHOBUY
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigaibHUH 32 MiZTOTOBKY Berin [Opii1 OnekciinoBuy

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




