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[IpuBOAsTCS YMCIIEHHBIC MOJCITHUPOBAHHUS B NporpaMMHOM Komiuiekce ANSYS Fluent u
SKCIIEPUMEHTAILHOE HUCCIIEIOBAHUE PAa3HBIX CXEM KaMep CrOpaHHUs C LEIbI0 CHIKEHHS dMUC-
CHH TIPH ONTUME3AINH pabodero mporecca B kamepe cropanus. [1o 3TuM pe3ynbraTaM BEIOpaH

noxo uts cHkeHus amMuccuu (CO, NOX).

KuirodeBble c10Ba: 4HCIIEHHBIE MOJEIUPOBAHUS, SKCIEPUMEHTANBHOE HCCIIEI0OBAaHUE, Ma-
nopasmepHast KC, pacuerHas ceTka, KoappuIUeHT U30bITKa BO3AyXA.

l'azoryp6unnsie npuratenu (I'TJ]) Haxonst Bce
Oonee mmpokoe npuMeHeHHe. OIHOBPEMEHHO K
HUM MPCABABIAIOTCA XCCTKHC TpeGOBaHI/IH 110
CHIDKEHUIO BBIOPOCOB B aTMocdepy (B OCHOBHOM B
Bujie okucH yriepoaa CO u okucnoB azora NOy),
MO3TOMY Tpo0iieMa CHM)KEHUSI BEIOPOCOB TOKCHY-
HBIX BECLICCTB ABJISACTCSA aKTyaHBHOﬁ.

B Hacrosimiet pabote mpucTaBieHa YHCICHHAs
MOJIETIb U PE3yJbTaThl 3KCIEPUMEHTAIHLHOTO HC-
CJICZIOBAaHHS SMUCCHOHHBIX XapaKTEepUCTHK Ha Ma-
nopa3mMepHbix kamepax cropanus (KC).

Jlnsi yMEHbIIEHUsI BBIOPOCOB U YJIYYIIICHHS Xa-
pakrepuctuk KC HE0OX0aUMO pa3zenuTh MpoIece
ropeHus Ha JBe ctaauu (puc. 1):

— B TIpenkamepe — Oorato-OeqHOEe TOpeHue
(a6or - GGeHH);

— B 30HE JIOTOpaHus — OeTHOE TOpEHHE.

[TogaBate cmech TommBa u Bo3nyxa B KC
MOXXHO Pa3JIMYHBIMU CHOCOOAMHU, TPU CaMBIX MO-
MyJISIPHBIX MIPEICTaBICHBI HAa pUC. 2:

a — TOIUTMBO TIOAAETCs uepe3 PpPOoHT, a BO3IYX —
yepe3 OCHOBHBIE Tosica OTBepcTHil [1], mpu aToM
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Puc. 1. Cxema monynst KC: / — cMecurenbHEINH natpyOoK (TOIUIMBO M BO3YyX); 2 — I0/ada BO3/yXa 4epe3 TaHTeHIUaJIbHbIC TPYOKH;
3 — nepBblii I0SAC OTBEPCTUll; 4 — IUIEHOYHOE OXJIAXKICHUE; 5 — BTOPOU MOSIC OTBEPCTHM; 6 — TPETU 1OSIC OTBEPCTUI
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Puc. 3. Cxema tpaguuonnoit KC

9acTh ATOTO BO3/yXa (77) OT OJIMXKAKIIero psaa oT-
BEepPCTHI OTBIIEKaeTcss B mepBUuHyo 30HY (I13),
TeM camMbIM 00pa3ys ko3¢ duimeHT n30bITKa BO3-
JyXa, paBHbIN
o = G; )
3 >
8r- Lo
0 — TOIUIMBO M 3HAUYWTEILHAs YacTb BO3ayXxa
nonatorcs yepe3 GpoHT [2], mpu 3TOM BO3AYX OT
nepudepuitHbIX OTBEPCTUI HE TomnajgaeT (Miu Mo-
11a/12€T, HO B HE3HAYUTEIHHOM KOJIMYECTBE) B IEp-
BUYHYIO 30HY. TakuM 00pa3oM, 3HaA4YCHHUE Oz Pop-
MUPYETCS TOIBKO (PPOHTOBBIM YCTPOWCTBOM:
o | Gor_
3 >
8r- Lo
6 — TOIUTUBO M BO3JYyX IOJNAIOTCS yepe3 (poHT,
HO KOJIMYECTBO BO3JyXa HEJOCTATOYHO IS MTOJTHO-
ro 3ausatus obobema I[13. Torma HemocTaromyro
YaCTb 3aHUMACT BO3AYX M3 IMECPBBIX PAAOB OTBEP-
CTHif, 4acTh KOTOPOro B KosmuecTBe 7-GL TocTy-
naet B [13:

I
G(Dp + n- GB

8r- Lo

JanpHeilliee BRITOpaHUE TOIUIMBA OMNpPEACTSCT-
cst yenoBusimu (P, T u W), HO B OCHOBHOM 3aBUCHUT

OT 3HAYEHUS O;; CMECH, NTOCTYMAIOIIEH B 30HY A0-
TOpaHHus:

I3

(_a-ar
31 2 crop
(gr ~8rm )'Lo

JJis BEIOSTHEHHST paOOThI HEOOXOIUMO OBLIIO B
Hauane uccienoBatrh pasHblie cxembl KC. Tpamu-
[UOHHAsi CXEeMa C JIOTIATOYHBIMH OCEBBIMH 3a-
BUXPUTEISIMH BO ()POHTOBOM TUIMTE MpPE/ICTaBICHA
Ha puUC. 3, MPIMOTOYHAS KaMepa C TUIOCKHUMHU CTa-
OuM3aTopamMu IJIAMEHU — Ha puC. 4.

B Ttpagummonnoit KC (cMm. puc. 3) Bo ¢poHTO-
BOI 00JIaCTH PAcCIONIOKEHBI JBa JIOTIATOYHBIX 3a-
BUXPHUTENSI W 3aKpy4YeHHBIH MOJBOJ BO3AyXa B
NEepBOM TOsice oTBepcTus. Jlisi Jiydrnero cmere-
HUSI MEXJIy JIOTIATOK OOJIBIIOTO 3aBHXPUTENS TIO-
JTaBaJIOCh OCHOBHOE ra3000pa3HOe TOIUIMBO, a Ma-
JIBIA 3aBUXPUTENH 00pa30BBIBANI CTAOMIBHYIO JIe-
KYPHYIO 30HY B IIUPOKOM jauarnazoHe padbotsr KC.

Puc. 4. Cxema npsimorounoit KC

186

THERMAL PROCESSES IN ENGINEERING



TEMNNOBbIE NPOLIECCHI B TEXHUKE. 2019. T. 11. Ne4

l'openne nmannoit KC mpoucxonusiao paBHOMEPHO
o Bcel miomaau (GpPOHTOBON TUIUTHI M 3aKaHYH-
BaJOCh HE JIOXOJS JI0 BTOPOTO IOsICA OCHOBHBIX
OTBEPCTHUH, TIPH STOM Ha BBIXOJ/I€ OTMEYAIIUCH 3HA-
yenust CO.

ITo mpsMoTouHo#t cxeme (cM. puc.4) BMeCTO
(pOHTOBOM TUIMTHI MCIIOJIB30BAJIM TUIOCKUE CTaOu-
nu3atopel mmpuHOoil ot 10 mo 15 MM, pacmono-
KCHHBIE B OKPYXXHOM M PaauaJbHOM HaIlpaBIICHU-
ax. Ilepen crabwim3aropamMu OBLT OpPraHH30BaH
MOJIBOJT OCHOBHOTO TOIUIMBA Yepe3 TPyOuaThIit
KOJUIEKTOp, B KOTOpOM Ha paccrossHud 10 MM pac-
roJiarajuchk oTBepcTUs AuamerpoM 1 mm. B nent-
pe pacmojarajach JeKypHas Tropeika (Kak ¥ B
npenpiaymeld cxeme). JlaHHas cxema ToKaszaia
Jydiiee TOpeHre Ha OOJIbIIeM Juara3oHe paldoThI,
OJTHAKO TOpeHHE OBLJIO HEPaBHOMEPHBIM IO ILIO-
laau, T.e. UMEIOTCSI TEMHBIE 30HBI, TJI€ BO3MOXHO
MPOUCXOIUT «3aMOPO3Ka» TOpIoYE CMECH.

[To UM pe3ynbraTam ObUT BRIOpaH MOAXO JIS
camxenus amuccuu (CO, NOy):

— nioBbIIeHNEe d()(PEKTUBHOCTH CMEIICHHS TOTI-
JIMBa U BO3/yXa (HaIpuMep, 3a CUET 3aKPYTKH ),

— YMEHbBIIIeHHEe MaciiTabda TOpeHus 3a CUeT pas3-
nenenust KC Ha MeHblIMEe MOAYJH, IIPU 3TOM Jua-
METp MpeaKaMep COCTABUI duwic~ 40—50MM;

— pasesieHne 30HbI TOPEHUs Ha HECKOJIBKUX 30H:

a) 6oraras 30Ha (o= 0.6-0.8) ¢ yBenTUYECHHBIM
BpeMeHeM NpeObIBaHUA CMecH (3a CUeT 3aKpyT-
KH). 37ech B OOJBIIOM KOJIUYECTBE 0Opasyercs
CO, no npu 3TroM NOyx He 00pa3yroTcsi U3-3a He-
nocratka Oz, Tak kak Bech Oz Oyner uATH Ha 00-
pazoBanuu CO;

0) 6emnass 3oHa (a=1.0-1.4, T7:=2000K) c
ovicTpbM gookucierneM CO B CO, B BBICOKOTEM-
[epaTypHOil 30He U MUHMMAIBHBIM BbIX0A0M NOx
C YMEHBIIICHHBIM BpEMEHEM MPeObIBaHUS CMECH;

) MOCIEAYIOUINI MOABOJ BO3yXa Ui OBICT-
pOTO CMEIICHHSI €r0 C BBICOKOTEMIEPaTypPHBIMH
MPOJYKTaMH TOpeHUs (30HBI 6) pa30aBiIeHUEM
MaKCHUMaJIbHOH TeMIepaTypsl 10 TeMIepaTyp
7:< 1760 K, uro cormacHo Teopum 3eibAoBHYA
3aMOpO3uT peakimu odpazoBanusi NOx, HO TI03BO-
nuT 3aBepmuTh okuciaerue CO mo COs.

Jlns  BBINOJIHEHMs MOJYYEHHBIX TpeOOBaHMM
OBUIM TIPOBE/ICHBI PACYETHI 110 PEAKTOPHON MOIETH
U IPYTHM TeOpeTHUecKuM MetoaukaMm pacuera KC
JUISL OTIPEICNICHHSI €€ TEOMETPUH U pacTpeeIeHUs
koa(duimeHTa u30bITKa BO3yXa o MO JJIMHE Ka-
posoii TpyOsl (KT) (cm. puc. 1).

Kax wm3Bectno, KC sBisgeTcss 0o4eHb CI0XKHOM
YacThIO JBUTATENS, U SKCIIEPUMEHTAIBHOE UCCIIe-
JI0OBaHHWE TUHAMHKHU BHYTPHUKAMEPHBIX MPOLECCOB
— 3TO JOPOTOCTOAIIAsl, CIOXHAA M JIUTENbHAs
3a7avya. boiee MpPOCTBIM M JACIICBBIM CIIOCOOOM
SBJISICTCSl TPUMEHEHUE YIPOUICHHBIX MOJENei
YUCJIEHHbIX MeToJ0B pacueToB B [IO ANSYS
Fluent, xoTOpBIif Takke MO3BOJSET ONMTHMH3UPO-
BaTh U (OPMHUPOBATH TUHAMHUKY MPOLIECCOB M Te-
YEHUM.

Huxe npuBogsTcss pe3yabTaThl NPUMEHEHHS
3D-MozaenupoBaHUMs MPOLIECCOB AJIsi ONpPEACTICHUS
XapakTepucTuk ropenust u ontumuzanuu KC. s
pa3pabOTKN YHCICHHONW MOJENH B PAacueTHOH 00-
macTu mperporeccopom Gambit Oblla creHepupo-
BaHa CETKa, cojepKamias ~2 MJIH sYeeK TeKcad-
paNbHBIX M TETPadApajbHBIX 3JEMEHTOB C Kaye-
CTBOM TI0 cKotieHHOCTH He Oonee 0.85 (puc. 5).

[Ipu mpoBenenun aHanu3a Obljla MpPUHSATA Cle-
AyIOIass MOJENb TEYEHHUS: MHOTOKOMIIOHEHTHOE
XMMUYECKH pearupymomniee TypOyJIeHTHOe TeYeHue
C BIIPBICKOM (haKesna UCTIAPSIIOIUXCS KUIKUX dac-
tul. Monenb TypOyJleHTHOCTU — CTaHAapTHas k-&
CO CTaHJAapPTHOM (PYHKIMEH CTCHKHU.

Puc. 5. 'eomerpuueckas MoJemnb U parMeHTHl ceTkn Majopasmeproi KC
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B kauecTtBe MojienM ropeHus Obliia MpUHSTA IPO-
cTeiasi MoJieNib OOBEMHOIO PearupoBaHMs, BKIIO-
YaBIasi OIHYy XUMUYECKYIO PEAKLIUIO «OpyTTO».

Ha Bxoxe B KC 3amaBascst MmaccoBbIil pacxon u
TeMIlepaTypa BO3[yXa C OJHOPOAHBIM paclpeje-
JICHUEM II0 CEUCHMIO, a Ha BBIXOJE — MOCTOSIHHOE
JIaBJICHHE.

B pesynbrare pacuera nosyyeHoO pacipezeiieHue
TEeMIEepaTypbl U CKOPOCTH B CEYEHUH, POXOIAIIEM
gepe3 ock 3aBuxpurens (puc. 6-8). Kak BumHO, oc-
HOBHOMW IIpOLIECC TOPEHUS IIPH Oy = 5 HAYMHAETCS B
NIEPBUYHOM 30HE M MPOJIOJDKACTCS 3@ MEPBBIM MOS-
COM OCHOBHBIX OTBepcTHil. B obGmactu 10 mepsoro
psna oTBepcTHH HaOMIOAaeTcs CUIIbHAs 3aKpyTKa,
obecrieunBaromias Xopolee nepeMelnBaHie 1 cTa-
OWIM3AIMIO TUIAMEHH 32 CUET BO3BPATHBIX TCUCHHUH.

Ilocnennum sTanoM paboOTH! SBJISIOCH NIPOBE-
JICHHE SKCIIEPUMEHTAIbHbBIX MCCIIEOBAaHUM, HEOO-
XOAMMBIX JIJIsl IPOBEPKH aJ€KBATHOCTU pE3yJbTa-
TOB PacyeToB.

Pe3ynprarhl SKcriepuMeHTa NOJy4YeHbl IpU UC-
cnenoBanuax KC, pabGotaromieil Ha ra30BoM TOII-
nuBe. Bece ucnbITaHus IPOBEIEHbl HA TOPETOYHBIX
yctporictBax ¢ auametpoM KT 40-50 mm (cm.
puc. 4).

Ha puc. 9 npencraBiena cxema yCTaHOBKH JUIS
ucnslitanus KC.

JlaHHasi yCTaHOBKa COCTOMT M3 CIJIEIYIOLIUX
CUCTEM: MOJAUU M IMOAOrpeBa BO3JyXa, MOAAYU
ra3oo0pa3HOro TOIIMBA M CHCTEMbl M3MEpPEHUM

[apaMeTPOB BO3/yXa, TOIUIMBA U MPOIYKTOB Cro-
paHus.

a

6

Puc. 6. ITons Temneparyp BayTpu KC B pasHBIX ceueHHSX, 0x=5: a — Mexay otBepctusivmu JKT; 6 — o otBepetusim KT

0.000400

a

581a:01
5080401
4380301
3630301
2008301
2180401
1460801
7280400
0.00e400

Puc. 8. Bekropnas kaptuna teueHuss B KC B pasHbIX cedeHmsix mo ocu QopcyHku: a — mexay oreepcrusimu XKT; 6 — mo

otBepcTusiMm KT
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Puc. 9. Cxema >KCIEpUMEHTAJIbHOH YCTaHOBKH: [/ — OCHOBHAs BO3IAYXOAYBKa; 2 — BO3AYXOAYyBKa TE€HEPATOPHOW KaMephl;
3, 6 — npoccenbHbIe 3a/IBUKKH; 4 — TEIIIO0OMEHHHK; 5 — MepHas maiiba (caBoeHHas auadparma); 7 — reHepaTopHas Kamepa cropa-
HuUs; 8 — cBeva 3axuranus; 9 — manometp; 10 — pacxoaubiit kpaH; /1, 18 — Ta30BbIe peayKTOPHL; /2 — OAIOH C CXKIKCHHBIM T'a30M;
13 — mepHOe ycTpolicTBo (MHTerpanbHas TpyOka [Turo—Ilpannrus); /4 — Tepmonapa rp. XK; /5 — ucciaenyemas kamepa cropaHus;
16 — manomeTp; 17 — 3anopHbBIC KpaHbl; /9 — GAJUIOHBI ¢ Ta30M Ui OCHOBHOM KaMepbl cropanus; 2() — natauk otbopa mpoObl mpo-

JIYKTOB CTOpaHHS

Cucrema moayu Bo3ayxa o0ecredrnBaeT B MOJ-
HOM 00BeMe pacxo]] BO3AyXa B KaMepy CropaHus
Ha BCEX pexumax paboThl U COCTOUT M3 BO3IYXO-
JYBKH, CHCTEMBI BO3/1yXOBOJIOB, MEPENYCKHBIX U
JIPOCCEIIbHBIX 3aCIOHOK.

Cucrema nojorpeBa BO3AyXa MO3BOJISIET MOBBI-
maTh TEMIIEPATYPY MPOXOASILEro Yepe3 Hee K Ka-
Mepe cropanus Bozayxa go 230 °C. Ona coctout
W3 BO3JYyXOIYBKH, CHCTEMBI BO3IYXOIIPOBOJOB,
JPOCCENIbHOM 3aJIBMKKH, TEINIOOOMEHHHKA, TPyO-
4aTON Kamepbl CrOPaHUs, CUCTEMBI NIOJJa4M TOILIM-
Ba U 3alJAJIBHOW CUCTEMBI.

Cucrema M3MepeHH MO3BOJISIET 3aMEpSATh pac-
XO0Abl paboumx Tenm IyTeM 3amepa CTaTHYECKHX
JTaBJICHUN, CKOPOCTHBIX HANOpPOB M CTAaTUYECKUX
TEMIIEpaTyp B KOHKPETHBIX TOUKaxX U ceueHusax. Ha
cpe3e KaMepbl CrOpaHusi pacrojoXeH JaTduk 20
orOopa mpoObI MPOAYKTOB CropaHusi (OxJaxjaae-
MBI BOJIOM, MO3BOJISIET MOJMY4aTh 3aMOPOKEHHYIO
npo0y) W JaT4MK TemmepaTypsl (Tepmornapa
I'p. XA). CoctaB raza onpenensics ra3oaHaIA3a-
topamu JJAI'-510 u JIAT-500.

HccnenoBanocs:

— BIIMSHUE PEKUMHBIX napametpoB (7, V, oz) Ha
M3MEHEHHE COCTaBa TOIUTMBOBO3IYIITHOM CMECH B
PAa3HbIX CCUCHUAX,

— Mana3oH YCTOMYMBOTO TOPECHHUS;

— MIOJIHOTA CTOPAHMs TOIUIMBA O COJEPKAHUIO
CO B npoayKTax TOpeHUs Ha CPe3e;

—amuccust CO u NOy Ha cpeze KC.

Haunbonee ontumanbHONl  mpencTaBisieTcs
cxeMa ¢ MUHHManbHBIM BbIxogoM CO um NOy
(cM. puc. 1).

I'operne B KC opraHu3oBaHO ClEIyOIAM 00-
pasom: uepe3 (HpoHTOBOE YCTpoicTBO / mojaercs
oxHopojHas cMmech (o = 0.1-0.4), nanee yepe3 TaH-
TeHIMaJbHBIC TPYOKH 2 MoaaeTcs BO3AyX, o0pa3y-
eTcsl 3akpydeHHas roprodas cmech (o= 0.6—0.8),
IIPY 3TOM HauMHaeTcs «OoraToe» ropeHue, B KOTo-
pOM, COIJIaCHO TEPMOAMHAMHUYECKUM pacyueTam,
obpazoBanne NOx muauManbpHO [3]. 3aTem uepes
NEPBBI MOAC 3 TOCTYNAIOT paaualibHbIe CTPYH
BO3/yXa, pe3ko obeqHsst cMmech 1o o= 1.0-1.4, 3a
CTPYsIMH 00pa3yrOTCst KOPOTKHUE TIO JITTMHE 00J1acTh
BBICOKHMX TEMIIEpaTyp, rie 3pPeKTUBHO 10KUTaeT-
csa CO, mocTynuBIIMK W3 MPEbAYIIeH 30HBI, a
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NOx BbIpacTaeT HE3HAYUTENIBHO W3 3a BBICOKOH
CKOpOCTH (T.€. MaJIoTO BpEMEHHU MpeObIBaHUS
Tup < 0.0251 ¢) [4]. ['openune npomomkaercs 10 mo-
Jlady CTpyH BO3AyXa depe3 BTOpPOM mosc 5, 3a Ko-
TOPBIM 3HaueHHe obenHsercs no o = 1.4-2.0, nan-
HBIM COCTaB ra3zoB MMEET TAKKE€ BBICOKYIO TEMIIE-
patypy, AocratouHytoo ans gookucieHus CO B
CO,, omHaKO HE JOCTATOYHYIO I 0Opa3oBaHUS
NOx. Bo3nyx ot Tperbero mosica 6 ¢opMupyer
MoJIe W 3aJaHHOE 3HAUYE€HHUE BBIXOJHBIX TeMIlepa-
Typ Tr. Takas cxema mo3BONSIET MUHUMH3UPOBATH
BoiaeneHre CO u NOx npu coXpaHEHUH YCTOWYH-
BOCTH FOPEHMUSL.

B pe3ynbTare mpoBeIeHHBIX UCCIICIOBAHMA ObI-
JU TIOJYYEHbl SKCIIEPUMEHTAIBHBIE JAaHHBIE JUIA
pasHbIx pexxumoB (puc. 10, 11).
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Puc. 10. Uzmenenne CO 3a MOIyIEM OT Ora Ha PA3HBIX CKOPOC-
15X B oTBepcTusix W (Px= 1.1 atm, Tk= 443 K, G«= 0.05 kr/c)
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Puc. 11. N3menenne NOx 32 MOJyJEM OT Ora Ha Pa3HBIX CKOPOC-
Tax B oTBepcTHAX W (Px= 1.1 atm, Tx= 443 K, Gx= 0.05 kr/c)

[To pe3ynpTaTam MpOBEICHHONH PaObOTHI MOKHO
OTMETUTH CIIEAYIOLIee:

— W3 aHaJu3a CIOCO0OB CHMXXEHUS 3MHUCCHU
CO, NOx B MaJIOOMUCCHOHHBIX KaMepax CropaHus
I'TJT ObLIM OTMEYEHBI OCHOBHBIE CITOCOOBI HX
YMEHBILIEHUSA: CKUTAHUE XOPOIIO NEPEMENIaHHbIX
CMeceil, HCIOJIb30BaHUE JBYX30HHOTO TOPEHHS
(mpeakamepa ¥ 30Ha OCHOBHOTO TOPEHHMS), YBEJIH-
YeHHWE BPEMEHHU NpeObIBAaHHUS CMECH B 30HE BBICO-
KHMX TemnepaTyp ¢ o < 1;

— pa3paboTaHa SKCIIEpUMEHTaJbHasl YCTaHOBKA
JUTS ICCIIETOBAHMSI KaMep CTOpaHus;

— IPOBEACHBl  PACUETHBIE HCCIEIOBaHUS U
onpezesieHa BEKTOpHAs KapTUHA TEYEHHsI U pac-
MpenesieHne TeMIepaTyp W CKOPOCTEeH Mo JIMHE
KC, xoTopble O3BOJIMIN ONPEAEIUTE BEICOKOTEM-
nepaTypHbie 00J1aCTH, 3aCTOMHBIC 00JaCTH M 00J1a-
CTH UHTEHCUBHOT'O TOPEHMSI.

— MPOBE/ICHBI MCTIBITAHUS HA MOIYJSX KaMepbl
Ha HECKOJIBKUX pEeXHMax pacxoJ0B TOIUIMBA H
BO3/1yXa, I10 TOJIYYEHHBIM Pe3yabTaTaM BUIHO, YTO
st 3QPEKTUBHOTO TOPEHUS NaHHON Kamephl OIl-
TUMaJIbHBI COCTaB TOIUIMBO-BO3IYIIHOW CMeCH
JIOJKEH OBITH TPH O = 5. MakcuManbHbIE 3HaYe-
Hua smuccun NOx momydeHbl TpH Ok =4. [lpu
YBEJIMYEHUH Pacxo/a BO3AyXa BO BCEM JHAara3oHe
paboThl KaMepbl cropaHusi HaOIOAETCs 3aKOHO-
MepHoe yBenunyeHue smuccun CO U CHUXKEHHE
NOx wu3-3a yMEHBIIEHUSI BpPEMEHHU TPEOBIBAaHUS
pearupyrouux BeIECTB B 30HE TOPEHMSL.

— MOJYYCHHbIE 3HAUEHUS SMUCCUU TpeOyroT
JaTbHEHIIeH JTOBOJAKHA KaMephl CropaHus B obJjiac-
TH 30HBI JOTOPAHUS ISl TIOBBIIIEHNUS UHTEHCUBHO-
ctH Beiropanusi CO, pu 3TOM cienyeT NOAAEPKHU-
BaTh 3HaYeHus1 NOx B pejenax 25 ppm.
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The study of emission reduction in small-sized combustion chambers
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One of the main problems in aviation is developing low emission combustion chambers. The
article studied various schemes of the combustion chambers such as:

— traditional scheme of combustion chamber with axial vane swirlers in the front plate;

— straight-through arrangement of combustion chamber with flat flame stabilizers.

Traditional combustion chamber has two vane swirlers in the front area and a swirling air
supply in the first belt of the orifices. For better mixing, the main gaseous fuel was fed between
the blades of the large swirler, while the small swirler formed a stable pilot burner in the wide
range of the combustion chamber operation. Burning in this combustion chamber was uniform
over the whole area of the front plate, and being finished before reaching the second belt of ori-
fices. The CO values of more than 3000 ppm were observed herewith at the outlet. The straight-
through arrangement employed the flat stabilizers, located in circumferential and radial direc-
tions from 10 to 15 mm wide, instead of the front plate. The main fuel supply through a tubular
manifold with orifices of 1mm diameter, located in at a distance of 10 mm, was arranged prior
to the stabilizers. The pilot burner was located at the center (similar to the previous scheme).
This scheme demonstrated better combustion in a wide operation range, but burning was non-
uniform along the area, with dark zones where the combusting mixture «freezing» may occur.

According to these results, an approach was chosen to emissions reduction (CO, NOy),
namely:

— fuel and air mixing efficiency increase (for example, by swirler);

— combustion scale reduction by combustion chamber separation into smaller modules, the

pre-chamber diameter herewith was of dmec = 40-50 mm;

— combustion zone partition in several zones:

a) a rich zone (o = 0.6—0.8) with an increased mixture residence time (due to twist). Here,
CO is formed in large quantities, but NOy is not formed due to the lack of O, since all O, will
go to form CO

b) a poor zone (o= 1.0-1.40, T = 2000K) with a rapid oxidation of CO to CO; in the high-
temperature zone, and with a reduced mixture residence time so that the NOy yield is being mi-
nimal;

c) a subsequent air supply for rapid mixing with high-temperature combustion products
(zones b) by diluting the maximum temperature to the temperatures T < 1760 K, which, accord-
ing to Zeldovich theory, will freeze the formation of NOy, but will allow complete the CO to
CO; oxidation

As is known, the combustion chamber is a very difficult part of the engine, and an experi-
mental study of the dynamics of intra-chamber processes is expensive, difficult and time con-
suming. The more simple and cheap way is simplified models application of numerical calcula-
tion methods in ANSYS Fluent software, which also allows optimizing and shaping dynamics
of processes and currents.

The optimal combustion chamber was selected by comparing the results obtained by a nu-
merical method performed according to the above said approach with experimental studies.

The scheme with modular (optimal) combustion chamber allows obtain minimum values for
emissions. This was achieved by organizing the zones with high burning intensification of the
rich mixtures (a < 0.8) with high-degree of mixing and fuel oxidizing to CO. The oxides for-
mation herewith is minimal. Further, behind the second belt of orifices the high-temperature
zone (o> 1.25 with T = 1700C°) is formed where CO is burned-out to CO;. The CO emission
level is 200-300 ppm, and NOx is 20-25ppm.

In conclusion, the results of the work include the following:

— The analysis of ways to reduce CO, NOx emissions in low-emission combustion cham-

bers of gas turbine engines was performed, and experimental setup for testing the com-
bustion chamber was developed.
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— Computational studies were performed, and vector picture of the flow and distribution of
temperatures and velocities along the length of the combustion chamber were deter-

mined.

— Tests of the combustion chamber modules performed, experimental data on CO and NOx

emissions was obtained for various modes.

— The obtained emission values require further refinement of the combustion chamber in
the afterburning zone area, minimum NOy emissions maintaining herewith is necessary.
Keywords: numerical simulations, experimental research, small-sized combustion chamber,

computational grid, the excessive air coefficient.
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