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AHortaunia. [IpoBeneHe wmareMaTHyHe MOJENIOBAHHS IMIPOLIECY CIHAIIOBaHHS TOPIOYHUX
CKJIQIOBUX BIJXIJHUX Ta3iB MAJIMBHHUX €JIEMEHTIB B JOMAaIOBadl €XKEKTOPHOro Thily. Po3paxyHku
MapaMeTpiB MaJTuBOCIAIIOIYOTO MPUCTPOIO TO3BOJIMIN BU3HAYUTH OCHOBHI HANPSMU ITiIBUILIEHHS
ix epeKTHBHOCTI B yMOBaX HU3bKOI TEIUIOTBOPHOI 3/1aTHOCTI BiAXiHUX Ta3iB.

Kiro4oBi cJji0Ba: TBepJOOKCHTHUH MTATMBHUI €IEMEHT; Ta30Ba TypOiHa; CyTHOBA EHEPreTHKA;
JIOTIAJTIOBAY BIIXITHUX T'a3iB; MAaTEMaTHYHE MOJICITFOBAHHSI.

MareMaTHuHEe MOJICJIIOBAHHS MPOLIECY TOMATOBAHHS BIX1THUX ra3iB JUIsl CyJHOBOI IriOpHIHOT
CHCTEMH «TBEPJOOKCUIHHUN MaTUBHUNA eneMeHT — razoBa TypoiHa» (SOFC-GT) BukoHyBanoch s
KOHCTPYKIIi JjonantoBaya, po3po0sieHol aBTopaMH 1 onucanoi B po0ori [1].

MaremaTruHa MOJIeJ]Ib IONAIOBaHHS po3po0ieHa Ha OCHOBI PO3B’sI3yBaHHs CUCTEMH PiBHSHBD,
110 OMHCY€ KOHBEKTHBHUHM 1 JAUQY31HHUNA TEPEHOC KOHIIEHTPAIN Isi KOXKHOTO 3 KOMIIOHEHTIB
pearytodoi cyMimni. BUKOpUCTOBYIOTbCS PIBHSHHS HEPO3PUBHOCTI, 30€pEXKEHHsS KUIBKOCTI PyXYy,
30epekeHHsl €Heprii, MepeHocy XIMIYHMX KOMIIOHEHTIB CyMillll, a TaKoXX pIBHIHHSA MOJENl
TypOyJIEHTHOCTI.

[Ipn mpoBeneHHI poO3paxyHKIB BUKOPHUCTAHO CXEMYy TOpIHHA XIMIuHUX peareHTIB keeS8,
3anpornoHoBaHy B [2]. BoHa MicTuTh 58 XiMiuHUX peakiiii 3 18 ximiunnmu kommonentamu: CHg, Hz,
CO, Oz, H20, CO2, H, O, OH, HO2, CH3, HCO, CH2, CH, CH20, H202, N, N2.

OCKinbKH KIHETHYHUN MEXaHi3M IS CTIATIOBaHHS BIIXIJHUX ra3iB MICTHTh BEUKY KUIbKICTh
peaxIiiif, To JUIs CBO€T UMCIIOBOI peaisallii BiH MOTpedye MoJieNi TOPiHHS, SKa B 3M031 IPOrHO3yBaTH
0COOJIMBOCTI XIMIYHOTO pearyBaHHS B JIONAJIOBadl B yMOBax TYypOyJIEHTHOTO IMepeMillyBaHHS.
Takoro mozaemtio € mozens EDC (Eddy-Dissipation-Concept), sika BpaxoBy€ B3a€EMO/IiF0 KIHETHKH 1
TypOyneHTHOCTI moTOKiB [3]. JlaHa Mopens AOIMYyCKae, L0 peakiii MPOXOJATh B HEBEIHKHUX
TypOyJIE€HTHUX CTPYKTypax, 3BaHUX «JIplOHOMacmTaOHUMU peakTopamuy». [IBUAKOCTI peaxiiii
BU3HAYAIOTHCS 3 PIBHAHHSA AppeHiyca 1 IHTerpyroThcs 3a JOOMOTOK0 YUCIOBUX METO/IIB.
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Bukopucrana B gaHiii poOOTI MareMaTWdyHa MOJENb €MiCli OKCHIIB a30Ty SBISIE COOOO
CUCTEMY PIBHSIHb MacOBOI'O IEPEHOCY, sIKa BPaxOBY€ KOHBEKIIIO, AU(PY3it0, a TAKOXK YTBOPEHHS 1
PO3KJIaIaHHS OKCU/IB a30TY 1 CIIOP1IHEHUX CIIONYK [4].

Po3paxyHku aepoJMHAMIYHOI CTPYKTYypH IMOTOKY Ta BUTOpsHHA Biaxigaux razie SOFC B
JIOTIaJTIOBaY1 IPOBEICHI JIJIsl TOPIOYOi CyMillli Takoro ckiany (macosi yactku): Ho = 1,177 %, H20 =
38,876 %, CO =7,064 %, CO2 = 52,883 %. Cknag okucmioBaya (MacoBi wactku): O2 = 16,53 %,
H20 = 3,84 %, CO2 = 0,52 %, N2 = 79,11 %.

Butpara okucitoBaua micis KaTOJHOI CEKIlii MaJMBHOTO eJIeMeHTa JopiBHIOBaa 2,8254 Kr/c,
ioro temneparypa 1193 K; ButpaTta BiIXiIHUX Ta3iB MicCJig aHOJHOI CEKIii MaJUBHOTO €JIeMEHTa
npuiitmanacs pisHoro 0,4077 kr/c, ix Temneparypa 1193 K. TpuBumipHi po3paxyHKH MPOBEACHO 3
BUKOPUCTAHHSM KiHIIEBO-PI3HUIIEBOI PO3PaXyHKOBOI CITKH, 110 CKiafanacs 3 1,55 MiTH. TeTpaeApHIX
€JIEMEHTIB.

B pesynbraTi mpoBeNCHHS TPUBUMIPHUX PO3PAXYHKIB 3 BHUKOPUCTAHHSM IPOTPAMHOTO
koMIuiekcy Ansys Fluent [5] i3 3acTocyBaHHSM KIHETUIHOT'O MEXaHi3My [2] oTpuMaHO HOBI AaHi IPO
pobounii poIiec TonaifoBada BiXiIHUX ra3iB TBEPAOOKCHIHOTO MATHBHOTO €JIEMEHTA.
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Pucynox 1 — Jlinii mpexie oxucnrosaua (a),
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Ha puc. 1 HaBeneHo miHIi TPEKiB OKUCITIOBAaYa, BEKTOPU MIBUIKOCTI poOOYOro Tijia, a TAaKOXK
PO3MOALT TEeMIEpaTypHu MO Tepepizax gonaitoBada. B maHI KOHCTPYKINi 3a paxyHOK B3aeMOil
MMOTOKIB OKHCIIFOBAYa, sIKi MPOXOATh BIIMOBITHO Yepe3 3aBUXPIOBAY, €KEKTOP Ta pajiaibHl OTBOPH
B TEPBUHHIA 30HI MAJMBOCIAIIOOYOT0 MPHUCTPOIO, MA€ MiCIle YTBOPEHHS IHTEHCHUBHOI 30HHU
perupkynsii (puc. 1, a, 6) B TOJIOBHIN 9acTuHI JomanmtoBaya. L{g meHTpanbHa 30Ha perUpKYIISIii
JOCTaTHBO CHUJIBHO PO3BHHYTA 1 CIIY>KUTh JUI €PeKTHUBHOI cTab1i3a1ii HOJ0KEHHs (GPOHTY MOIYyM s
(puc. 1, B).
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Ha puc. 2 npuBeneHi po3moai MBUAKOCTI MOTOKY Ta MACOBUX YACTOK TOPIOYMX KOMITOHEHTIB:
okcuay Byraeto CO 1 Boguio Hz, a Takoxx MosekyssipHoro kucHio Oz 1Mo JAOBXKUHI JOMaiioBayva.
UYepes HasBHICTh MPOTHKHOI PEIMPKYIIAIINHOT 30HU (pUC. 2, a), Ie 3HAXOIATHCSI IPOTYKTH 3TOPSIHHS
3 BIJIHOCHO BHCOKOIO TeMmIieparyporo, roprodi komnoneHTH (CO Ta H2) iHTEHCHMBHO BUTOPSIOTH
(puc. 2, 6, B) B rOJIOBHI/ YaCTHHI JOMAIIOBaya MPH B3aEMOIT 3 KUCHEM (pHC. 2, T).
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Pucynox 2 — Po3nooin weuoxocmi, m/c (a), macosux yacmoxk: CO (6), H> (8), O2 (2)
1o 0082ICUHI Donanoeaya

3MiHy MacoBHX YacTOK MpoaykTiB moBHOTo 3ropsHHS (H20, CO), akTHBHUX paauKaiB
(O, OH, H) ta okcuay azory NO mo niepepizax JomnajroBada npeCcTaBICHO Ha puc. 3.

BuaHO, 10 KUTBKICTH MPOIYKTIB TIOBHOTO 3TOPSIHHS BH3HAYAETHCS HE TUIBKU IPOIECAMHU
JIOTIAJTIOBAHHS TOPIOYMX KOMITOHEHTIB aHOJHHUX Ta3iB, aje W MOYaTKOBUM iX BMICTOM B TOpOUiN
cyMinn. 3 aKTUBHUX HPOMDKHUX 3’€lHaHb HaWOUIbIIy KOHILEHTpamito Mae rigpokcun OH.
Binmitumo, 1o HecTabinbHI 3’€IHAaHHA (paJuKaiu) 4epe3 BUCOKY TEeMIEpaTypy BIAXITHUX Ta3iB
SOFC nounHaTh yTBOPIOBATUCH II€ B BHYTPILIHIX CEKIIAX €XKEKTOpa, 0 00YMOBIIOE MMOYATOK
MPOIIECIB JONMAIIOBAHHS BCEpeluHI exekTopa. Lle Moxke MpHu3BeCTH 10 MEeperpiBy €JIeMEHTIB
KOHCTPYKIIIi JJoMatoBaya Ta moTpedye TOIaTKOBHUX JTOCIiKEHb 3 METOI0 YCYHEHHS I[LOTO SBUIIIA.

Oxkcua azoty NO yTBOPIOETHCS TOJOBHUM YHMHOM B 30HAX HaWOUIBIIUX Temmeparyp. Aue
OCKIJTbKM MaKCHMaJIbHI TeMITepaTypy TOPIHHS BCEPEANHI TonaaoBada He nepeBunlyoTs 1770 K, To
KOHIICHTpAIlii OKCHIY a30Ty IO HOTO mepepizax i Ha BUXO1 MiHIMAJIbHI.

PesynbraTi po3paxyHKiB CBiI4YaTh MpO Te€, IO 3AMPOIOHOBAHA KOHCTPYKIIiS JOMaioBaya
3abe3neuye cTalOlIbHE 1 TMOBHE BUTOPSHHS TOPIOYMX KOMIIOHEHTIB BIXITHMX AaHOJHUX Tra3iB
TBEPJOOKCUIHUX TMaJIMBHUX €JIEMEHTIB B YMOBaX iX HHU3bKOI TEIJIOTBOPHOI 3JaTHOCTI 1 BEJIMKOI
KIUTBKOCTI BOJISTHOT TIApH.
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MATHEMATICAL MODELING OF GAS AFTERBURNING FOR THE HYBRID
SYSTEM “SOLID OXIDE FUEL CELL - GAS TURBINE”

Serbin S., Patlaichuk O.

Admiral Makarov National University of Shipbuilding, Mykolayiv, Ukraine

Abstract. Mathematical modeling of the process of combustion of combustible components of
waste gases of fuel cells in an gector type afterburner has been carried out. Calculations of the
parameters of the combustion device made it possible to determine the main directions of increasing
their efficiency in conditions of low calorific value of waste gases.

Keywords. solid oxide fuel cell; gas turbine; marine power engineering; off-gas burner;
mathematical modeling.

UDC 621.181.27

EFFICIENCY OF METHODS OF WATER INPUT INTO THE FLAME
ON COMBUSTION QUALITY AND NITROGEN OXIDE EMISSIONS

O. Kolbasenko
Ph.D student’
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Cand. of Sciences (Tech), Prof.?
! National Technical University “Kharkiv Polytechnical Institute”, Ukraine
2 Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine
L orden2020@gmail.com, * dymobv@gmail.com

Abstract. The paper presents the results of comparative studies of the combustion quality and
the values of the nitrogen oxides concentrations during the combustion of fuel oil M40, with the
injection of water vapor into its combustion zone and burning water-fuel emulsions with water
content W'= 15 % and 30 %, carried out on an experimental installation. The analysis of the obtained
data showed that when burning the water fuel emulsion with W' = 30 %, the best combustion quality
indicators were obtained.

Keywords: water in the combustion zone, water fuel emulsion, microexplosions.

Introduction. In order to solve the problems that have arisen, related to the increase in the cost
of fuel, environmental protection, measures aimed at reducing the emission of harmful substances
and increasing the efficiency of ship power plants at the same time are of great importance. due to the
improvement of combustion processes. Thermochemical methods are currently considered one of the
most effective and economical methods of reducing nitrogen oxide concentrations in thermal power
engineering. Water supply to the reaction zone is mainly carried out in two ways: by injecting steam
or water into the air or into the core of the torch, and by using water fuel emulsions (WFE).

The aim of the work — is to compare indicators of combustion quality and concentrations of
nitrogen oxides with different methods of introducing water into the combustion zone.
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