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Annomauyusn. 3a nocieaHee ACCATUIICTUE YHCIO IMyOJUKAIUA MO SMHCCHUU TOKCHYHBIX
BCIIIECTB PA3JIMYHBIX TOPEIOYHBIX YCTPOWCTB UCYHCISIECTCS COTHAMH. B OCHOBHOM ATH
WCCJICIOBAHMS HAIpaBJICHbl HAa YCTAHOBJICHWE KOJWYCCTBEHHBIX TOKAa3aTelleld AIMHUCCUU
Pa3IMYHBIX TOPEJIOYHBIX YCTPOUCTB, a TAK)KE Ha OIMITUPHUECKOE BBISBICHHE BO3MOKHOCTH
BBIOOpA yCIIOBUI TOPEHUS, KOTOPbIE 00ecTieunsii Obl MAKCUMAITbHYIO A (PEKTUBHOCTD TIPU
MUHHAMAJILHOM 00pa30BaHWU 3arpsI3HSAIONIMX BEIeCTB. [Ipy 3TOM pe3ynbTaThl OCMBICICHBI,
PYKOBOJICTBYSICH OOIIMMHU COOOpaKEHUSIMH W KAa4eCTBEHHBIM TMOHUMAaHUEM XapakKTepa
OCHOBHBIX MpoIeccoB. UTOOBI BCTaTh Ha 0OJiee TBEPIYIO HAYYHYIO OCHOBY, HEOOXOIUMBI
HE TOJbKO (YyHIAaMEHTAIbHOEC IMOHUMAHWE MHOTHUX (HU3UYCCKUX IMPOIECCOB, HO U

JACTAJIBHBIC KOJIMYECCTBCHHBIC JAaHHBIC 00 H3THX mponeccax. BCJ'IeIICTBI/Ie CJIOKHOCTH


https://trudymai.ru/published.php?ID=186305
mailto:andreybaklanov@bk.ru

MPOLIECCOB TOPEHUSI TAaKOM YPOBEHb IOKa HE JOCTUTHYT. Pa3ymMHOW albTEpHATUBOU
SBJIIETCSI OMOpa Ha SKCIEPUMEHTAJIbHBIE HCCIEAOBAHMS, KOTOpPbHIE MO3BOJIWIM OBl C
JOCTATOYHOW I MPAKTUKKA TOYHOCTBIO OINPEAEIUTh 3aKOHOMEPHOCTH PEAIbHBIX

IPOIIECCOB B KaMepax CropaHus, IPUIOHBIC JIJIS IPOCTOr0 WHXKEHEPHOTO aHaiu3a.[1-4].

Kniouegvle cnosa: xamepa cropaHusi; ra30TypOMHHBIN JBUrateib, GOpCyHKa, BHIOPOCHI
TOKCUYHBIX BEILIECTB, MT0/1a4a TOIIMBA.
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Original article
INFLUENCE OF THE METHOD OF GAS FUEL SUPPLY ON EMISSIONS OF
TOXIC SUBSTANCES FROM A SINGLE-NOZZLE COMPARTMENT

Andrey V. Baklanov

andreybaklanov@bk.ru

Abstract. One of the main parameters that characterize the efficiency of the combustion
process in the combustion chambers is the concentration level of harmful substances in the
combustion products.

This article considers the influence of the fuel delivery method implemented in the nozzle

on the change of the parameter presented above.
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The paper presents the design features of injectors that work with a separate supply of air
and fuel. Natural gas is used as fuel. One of the considered injectors provides jet fuel supply
by means of a perforated spray, and the other provides twisted fuel supply by means of a
swirler built into the fuel channel. The main geometric parameters of the injectors are also
given, such as the size of the swirler, the number of blades, and the diameter of the output
nozzle.

The design of a heat pipe simulator, in which the tested nozzle is placed, is considered. The
design of a bench installation designed for testing injectors in a heat pipe simulator, as well
as the modes under which these tests were carried out, is presented. The results were
obtained in a heat pipe simulator with installed jet injectors and injectors with a swirling
fuel jet. An analysis was conducted, which resulted in conclusions about the effectiveness
of the use of jet injectors. According to the conducted research, the parameters of the nozzle
with a swirling fuel jet are characterized by the presence of high values of CO and CH levels
in the combustion products, which is explained by the extremely low quality of mixing fuel
with air and, consequently, low efficiency of fuel combustion. Jet fuel injection has low CO
and CH values, which indicates a good quality of fuel mixing with air and high efficiency
of combustion organization. As a result, we have received recommendations on setting the
selected type of injectors in a full-size combustion chamber.

Keywords: combustion chamber, gas turbine engine, injector, toxic emissions, fuel supply.

For citation: Baklanov A.V Influence of the method of gas fuel supply on emissions of
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BBenenune

B nmannoit pabore mccienoBaioch BIMSHUE KOHCTPYKIUMU (OPCYHOK Ha oOpa3oBaHUE B
IPOJIYKTaX CrOPaHMs BPEIHBIX BEIIECTB. bbIIn HCTIBITaHBI ABa BUJ1a (HOPCYHOK Pa3IMUYHOTO
KOHCTPYKTHUBHOT'O UCITOJTHCHMUSI.

PaccmaTpuBaemasi TOIIMBOBO3AyIIHAS (DOPCYHKA, COACPKHUT KOPIYC 3aBUXPHUTEIS
BKJIFOYAIOIIETO JIONATOUYHBIN 3aBUXPUTEIb C YCTAHOBICHHBIMU MO YIioM 45 rpagycoB
JomaTKaMu, CMECHUTENIbHYIO BTYJKY, KOpnyc (OpPCYHKH COJepKalluil BHYTPEHHUU
KaHaJl C YCTAHOBJCHHBIM B HEro CTPyHHBIM pacubliutenaeMm (puc.2a). @opcynka No2
OTJMYACTCS OT MEPBOM TeM, BO BHYTPEHHUH KaHall Kopryca (OPCYHKH yCTaHOBJICH
3aBUXPUTEIb, (pUC.20) KOTOPBHIH IOJACT B CMECHUTEIBHYI BTYJIKY 3aKpy4ECHHYIO

TOTUTMBHYIO CTPYIO [5].

Puc.1. Cxema dopcynku a) CtpyiiHas ¢opcyHka 0) popcyHKa ¢ nmojgaueid 3akpy4eHHON

TOIUIMBHOM CTPYH



@DOpCyHKM WCHBITHIBAIMCh HAa CTEHIE (pUC. 2) KOTOPBIA BKIIOYaeT B cebs 1 —
AJICKTPOMArHWTHBIA KJjamaH, 2 — HarpeBarenb, 3 — pecuBep; 4 — dopcyHka;, 5 —
BOCIJIAMEHHUTENb; 6 — razoaHain3arop; / — KOOpAWUHATHBIN cToi;, 8 — TpoitHuk; 9,11 —

pacxomomepsl; 10 — knanaH; AT, — JaTYMK Iepernajga TeMIepaTyp Ha BXOJIE B CTEH/I U TTOCIIe
HarpeBatens T, — AaTYUKUA aOCONIOTHOTO JaBJICHUS U TeMIIepaTyphl Ta3a, yCTaHOBJICHHBIE
nepen pacxoJoMepoM (KPUTHYECKHUM COIUIOM); Ap, — JaTYUK H3MEpPEHHs Tepernanaa
JABJICHUS Ta30BOM MarucTpaiu; p,, T, — JaTYUKU aOCOITIOTHOTO JIABJICHUS U TEMIIEPATYPBI
BO3/lyXd, YCTAHOBJICHHBIE IIEPE] pPacXxoJOMEpOM; Ap, — JaTYMK H3MEPEHHUs Iepenana

JaBJICHUSI BO3/yXa, YCTAHOBJICHHBIA Tepea pecuBepoM. Pabora cTeHpa ocyiiecTBiIseTcs
cienyromuM o0pa3zoM. Bo3ayx oT HarHerarens IOCTYNMaeT Ha BXOJ B PacxoJoMep,
MIPEACTABIISIIONINI COOON MIIMHIPUYECKUN KaHaI C YCTAaHOBJICHHBIM B HEM KPUTHYECKUM
coruioM. Jlamee BO3myX TMOCTymaeT B HarpeBaTelb, MPEICTABISAIOMMN  cOOOM
AIEKTPUUYECKYIO MeYb, a 3aTeM MO TPYyOONPOBOIHON MarucTpalid TPAHCIOPTUPYETCS K
(dbopcyHKe yCTaHOBJIEHHOM B pecuBep. TOIIMBO MOAAETCS MO TOIJIMBHOM MarucTpaiu B
KaHajbl (POPCYHKH, TaK K€ IIPOXOs uepe3 pacxoaomep [6,7].

Crenn oOopynoBaH HEOOXOJWMBIMU CHCTEMaMU PETYJIUPOBAHUSA, W3MEPEHUs

napaMeTpOB U X perucrparmu [8-11].
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Puc.2. Ctena nist mpoBeeHUs] Ta30JMHAMUYECKUX U OTHEBBIX UCTIBITAHUN TOPEIIOK.
st usmepenus konreHTpanuii CO, NO u CH B npoaykTax cropaHusi UCIOJIb30BaJICS
razoananmu3atop Testo 350. [ns ocymectBieHuss or6opa mTpoOd HMCHOJIb3YyeTcs
pOOOOTOOPHHUK KOTOPBIN yCTaHABIMBAETCS HAa KOOPAWHATHOM CTOJIE U TIEPEMEIACTCS B
3aJJaHHBIX KOOPJIWHATAX BJIOJIb ocu GopcyHku [12-15].

Opnodopcynounslii orcek (Puc.2) cocrour uz auddysopa (1) ¢ ycraHOBIEHHBIM
MpUEMHUKOM JaBiieHus (2) u TepmorpeodpazoBatenem conpoTusieHus (3). XKaposas
TpydOa (4) mumuHIpUIecKor (GopMbl ¢ OTBEpCTUSIMHU (5) IS MOJBOJA BO3JIyXa B 30HY
ropenus u cmemienus. Kopryc orceka (6) sBIS€TCS CUIOBBIM 3JIEMEHTOM, K KOTOPOMY
noacoeauHsercs quddy3op u dporToBas mmuTa (7). @poHTOBOE YCTPONUCTBO BHITIOJHEHO
B BUJIC KPBIIIKKM C HAHECEHHBIMU (UTYPHBIM OKHOM (8), B KOTOpPOE yCTaHaBIMBAETCA
dopcynka. OKHO HEOOXOUMO TS TTOIBOJIA BO3/IyXa K 3aBUXpHUTENIO (hopcyHKHU. Taxke BO
(hpOHTOBOM YCTPOUCTBE MMEIOTCS AYyrooOpa3Hbie KOJbIEBBIC Mpope3u (9) mis moasojaa
BO3JIyXa B KOJIBIIEBON MIPOMEKYTOK MEKTy KOPITYCOM OTCEKa U >KapoBoit TpyOoii. Tormso

npu nomoru mryrepa (10) mogaeTcs B TOMIMBHBIA KaHAT BO ()POHTOBOM YCTPONCTBE



IIOABOAAIICEM TOINIMBO K (bOpCYHKe. Po3zxur B otceke MMPOU3BOJUTCA IIPHU ITOMOIIU

BocriamenuTens (11).

Puc.2 Cxema o1HO(POPCYHOUHOTO OTCEKA

HcnbrTanust npoBOAMIIMCH NpU KO3 PuIimeHTax u30bITKa Bo3ayxa o oT 3 10 6

Pus — u30ObITOYHOE JaBiieHHE Bo3ayxa mepes ropenkoit (popcynkoir):3,4Klla, Tz —
TeMmIepaTrypa Bo3ayxa repen ropenkoi (popcynkoii):130°C, Gy —pacxos raza MEHsIICS B
npeaenax 8 g0 3,8 kr/d st oOecriedeHusi COOTBETCTBYIOIIEro KoddduimenTa n30bITka
Bo3ayxa; .Gg—pacxox Boznyxa: 0,12kr/c;

CpaBHeHUE Pe3ylIbTaTOB WM3MEPEHHUS KOHIIEHTpAIlMd BBIOPOCOB B MPOJYKTAX CrOpaHUs
paccMOTpPEHHBIX (DOPCYHOK TMPEACTABICHO Ha rpadukax pacnpeacsieHUus CoAep KaHus

KOHIICHTPAILIMH BEIIECTB BIIOJIb ocu popcyHku [16-18].
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Puc.4 Conepxxanue okcuaa yriepoja B IpOayKTax CropaHus



®- cTpyitHast popcyHka M- POpCYHKa C Mmojaayeit 3aKpyueHHON TOIUIMBHON CTPYH

CopepxaHne OKCHAA yriepoaa B MPOAYKTAaX CrOpaHus oTceka ¢ (OPCYHKOW MMEIONIei
MoJlavyy 3aKpy4YEHHOW TOIUIMBHOW CTPYH B JBa pa3a BBIIIEC, YEM y OTCEKA CO CTPYWHOM
¢dopcynkoii. C yBenuueHueM kodPduiimeHTa H30bITKA BO3AyXa COJACpPXKAHUE OKCHIA

yrjacpoda B IIPOAYKTAX CTOPaHUA YBCIINYUBACTCA.
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Puc.5 Coneprxanne okcuaa a30Ta B MPOAYKTaX CrOPaHUs

®- cTpyiiHas (hopcyHka m- (pOpCyHKa C Mojavyei 3aKkpyueHHON TOIUIMBHON CTPYyH

Copep:xaHue OKCHIA a30Ta B MPOYKTaX CropaHus oTceka ¢ (POpCyHKOM nMerolel nogaay
3aKpPYYCHHOM TOIUIMBHOM CTPYHM TakK € B JBa pas3a BbILIE, YEM y OTCEKa CO CTPYHMHOU
dbopcynkoit. C yBenuduenrueM kodduiimenta n30bITKa BO3/IyXa COAepKaHUe OKCHJIa a30Ta

B IPOAYKTaxX CrOPAaHUsI CHUKAETCS.



900,00

800,00

700,00

600,00

500,00

400,00

CH,ppm

300,00
200,00
100,00

0,00
3,0 4,0 5,0 o

Puc. 6 ConepxaHue yriieBoOIOpOAOB B IPOAYKTaX CrOPaHUs

®- cTpyiiHas (opcyHka m- (OpCyHKa C Mojavyei 3aKpyueHHON TOTUIMBHOU CTPYHU

Konnentpanus CH Ha Beixoze u3 otceka rmpu koddduimente u30biTka Bo3ayxa 3 u 4 uMeer

HU3KHI ypoBeHb. Ho nipu 5 1 6 ypoBEeHb KOHIIEHTpALMU PE3KO BO3PACTAET.

BoiBoabI

[TapameTrpsl GopcyHKHM C TMOJadel 3aKpy4eHHOM TOIUIMBHOW CTPYH XapaKTEPHU3YIOTCS
HajuureM BhicOkuX 3HaueHui ypoBHa CO u NOX B 1Ba pa3a GOJBIINX 110 CPABHEHUIO C CO
CTpYUHOM (POPCYHKOIA.

3nauenne CH B oOmactu «OoraTeix cmecei» y (QOpCyHKH ¢ Tojayed 3aKpydeHHOU
TOIUIMBHOW CTPyHM HMKE 4Ye€M Yy CTpYHMHOW (QOpCyHKH, a ¢ OOETHEHHEM CMECH 3Ta
KOHIICHTpAIUs PEe3KO YBEIUYMBACTCA YTO OOBSICHACTCS KpalHe HU3KOM 3 ()EKTUBHOCTHIO
NepeMEeIIMBaHusl TOIUIMBA C BO3IYyXOM M CJEIO0BaTENIbHO HHU3KOH 3(PPEKTUBHOCTHIO

CXXHUI'aHMA TOIIJIMBA.



Ha ocHoBaHWM MOJy4YeHHBIX PE3yJIHTATOB MOXXHO PEKOMEHJIOBAaTh (OPCYHKY CO
CTpYHHOH Mojauel TOIJIMBAa K MOCTAHOBKE B IMOJHOPA3MEPHYIO KaMepy CropaHus st
IPOBEPKH B COCTAaBE JBHUraTeisl, TaKk KaK pe3yJbTaThl UCHBITAHHS IOKA3aJIM HU3KYIO

konmnentpaiuio CO u CH B mpoaykrax cropanus [19,20].
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