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AkmyanbHocmb uccriedosaHusi 06ycriogneHa HeobXo00UMOCMbI0 noucka ONMUMasbHbIX PEWeHUl No opeaHu3auyuu CxueaHus nomu-
(hpaKYUOHHO20 NbITEY20/IbHO20 MONUBa Ha OelicmBYIUWUX U HOBbIX MENMO8bIX 3MEKMPUYECKUX CMAaHUYUSX C Y4emOM CHUXEHUS 8bl-
6pocos epedHbIx gewecms, 8 yacmHocmu okcudos asoma. 3a nocredHee decamunemue 3HaYUMENbHO 8bIPOCIU 3KO02UYECKUe mpe-
608aHUsI, HanpaeieHHble Ha pe2ynuposaHUe 8bI6POCO8 OM y20rbHbIX 3iEKMpocManyull 8 ammocgepy, Komopble bbITu CNPOEKMUPOBa-
HbI 8 Uensix nogbiweHust mennosol aghghekmusHocmu. B Hacmoswee 8pems npobrieMa CoBEPUIEHCMBOBAHUS 3KO02UYECKUX napamem-
pos TOC & Poccuu obocmpsiemes meM, 4mo 60nbLiuHcmeo delicmeyiowux cmaHyuli He y008nemeopsiom CO8PEMEHHbIM dKOMo2uYe-
CKUM HOpMam U mpebogaHusiM.

Lenb: ycmaHogumb eusHUe op2aHu3ayuu cxueaHusi meep0o20 monsuga Ha MonoYHbIe NPOUECChI NPU MUHUMAITBLHOU 803MOXHOU MO-
depHusayuu delicmeyrouieao Napogo2o Komsa ¢ UCNoIb308aHUEM HUSKOIMUCCUOHHbIX 20PE0YHbIX ycmpolicms.

06BbeKkmbI: MoNoYyHas kaMepa IHeP2EeMUYECKO20 KomIia 8 NPOEKMHOM UCNOSTHEHUU U 8 8apuaHme C 3aMeHOl NPOEKMHBIX 20PEOYHbIX
ycmpodicme Ha HU3KO3IMUCCUOHHB .

Memodkb1. YucnerHoe uccrnedogaHue npogedeHo ¢ UCnob30saHueM nakema NpuknadHbix npoepamm Ansys Fluent v.12.1. Mamemamu-
yeckoe ModenuposaHue (hU3LKO-XUMUYECKUX NPOUECCo8 8 Mono4Hol kamepe Ha ocHose Jlinepo-JlazpaHxesa nodxoda, KomopbIli nos-
8or1siem 8bIABUMb 2flagHble 83aumModelicmeust npouecco8 nepeHoca Yyacmuy. Mamemamuyeckue MOOENU 20PeHUs YeorbHOU Nbilu ¢
KUuHemu4yecKuMu napamempamu 3a0aHbl U 8KITHOYEHbI 8 KOO 8 Ka4ecmeae Nosmb308amenbCkux (OyHKYUU.

Pesynbmamsl1. PaspabomaHa Mamemamuydeckasi Modenb Ha 0CHO8E nakema npuknadHbIX Npoepamm ¢ Ka4ecmeeHHbIM npedcmasieHu-
€M CIOXHbIX (DU3UKO-XUMUYECKUX Npoyeccos 8 obbeme monoyHol kamepsl. [JaHa OueHKa 803MOXHOCMU OpeaHu3ayuu CKu2aHusi Ka-
MEHHO020 yaiisi 8 HU3KOIMUCCUOHHBIX 20PEOYHBIX ycmpolicmeax ¢ y4emom OnMmuMasbHO20 COOMHOWEHUS NEPSUYHO20 U 8MOPUYHO20
6030yxa 63 UMEHEHUS1 yCmaHOBOYHbIX Y2/108 1I0NamoYHbIX 3asepumenell. B daHHOM uccred08aHUU YCMaHOBIEHO CHUXEHUE KOHUEH-
mpayuu okcudos azoma Ha 14 % npu 3ameHe NPOEKMHbIX 08YXKaHaIbHbIX BUXPEBbIX 20PENIOYHBIX YCMPOUCME Ha HUSKO3MUCCUOHHBIE.

Knroyeenie cnosa:
OHepaemuyeckull Komes, 8uxpesbie 20penioyHble yempolicmea, y20rb, Mamemamuyeckoe modenuposaHue, memod dinepa-/lazpanxa.

BeepeHue

B koTenbHBIX arperarax B MpoOLECCE CrOPaHUs MCKO-
TAEMOT0 TOTUIHBA 00PA3yIOTCS BPEAHBIE 3arps3HSIONINE
BEIIECTBA, KOTOPHIE BHIOPACHIBAIOTCSA B aTMocdepy, OKa-
3bIBast HETATUBHOE BIMAHHE Ha Ouocdepy U cnocobcTBys
r100aTbHOMY TOTEIUICHHI0. XOTS MPH TEHEpaIuy JHep-
TUH U3 UCKOMAeMbIX TOIUIMB CyMMapHBIH 00beM BBIOPO-
COB MTAPHUKOBBIX I'A30B COCTaBIsET 25 % 0T 001Iero 00b-
ema 1ux BbIOpocoB [1], pa3BuThle CTpaHbl CTaBAT 3a1a4H
M0 CHIKCHHIO HCTIONB30BAHUS HCKOMAEMBIX TOIUIUB, B
0COOSHHOCTH YTJIeH, TIOCPEACTBOM Pa3BUTHUS M BOBIICUE-
HUS BO30OHOBIISIEMBIX HCTOYHMKOB 3Hepruu. Ho mo-
CKOJIIBKY YTOJb SIBISIETCS HAMOOJEE PaclpOCTPaHEHHBIM
JHEPreTHUECKUM TOIUTMBOM U €ro 3amachl camble 0OIIb-
IIHME B MUpPE, BO MHOTHX CTPaHaX BBICOKA JIONS BHIPAOOT-
KM SHEPrUH C HCIOJH30BAaHMEM IBLICYTOJBHBIX KOTJIOB
[2]. Jlons TEIUIOBBIX 3NMEKTPOCTAHIMH, paboTAIONMX Ha
yrie, B mupe cocrapnser 41 %, B Kurae — 75 %, B
CIIIA - 50 % [3, 4], a B Poccun 24 % [5]. Hecmotps Ha
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TO, 4TO 0a30Basi TEXHONOTHS OpTaHH3AUNK (AKEITBHOTO
CXKUTaHUA TBEPJOr0 TOIUIMBA B KOTEIBHBIX arperarax
pa3paboTaHa ele B MPOILIOM BeKe, psijl mpodieM ocTa-
0TCS HEpENIeHHBIMI. K HUM OTHOCATCS HEyCTOHIMBOCTD
TOpEH¥s, [IAKOBAHNE, BEICOKOTEMIIEPaTypHAst KOPPO3HS,
HETIOJTHOTA CTOPAHHUS TOTLTHBA, BEIOPOCH 301bI, SOy, NO
¥ Ap. Jl1g ycmemHoro pemeHus MoZoOHBIX HpobieMm
0YCHb B)XHO IOHIMAHHE Ta30JUHAMIYECKUX TPOLIECCOB,
ONpENeNAOMUX PACIPEAETICHUs. TEMIEpaTyp, KOHIEH-
TpaLyil TOPIOYHX BEIIECTB M MPOLYKTOB CTOPAHUSA B 00~
eMe TONMOYHON KaMmephbl 3HeprerHueckoro korna. Ilpu
3TOM Ha3BaHHBIC MPOIECCH 3aBHCAT OT KOHCTPYKLHH
TOIOYHOM KaMepbl, TUIIA TOPENOYHBIX YCTPOMCTB U CXe-
MBI OPraHM3alUN CXHUTaHUs, YTO HE NO3BOJSET B 3HAUU-
TEIbHOH Mepe TPaHCIMPOBATH PE3yNbTaThl MCCIEI0BA-
HUH, TOMYYECHHBIX HAa OJHOM KOTEIBHOM arperate u3 TH-
TIOBOTO Psifia, HA aHATOTHYHBIE. [103TOMY Hcmonb3oBaHue
METOJIOB UHCJICHHOTO MOJICITHPOBAHMSI SBIACTCA BaX-
HEHIINM MHCTPYMEHTOM JJIsl U3Y4EHHs IPOLECCOB, IPO-
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HCXOJAIIMX B TONOYHBIX KaMepax KOTENbHbIX arperaros,
B 0COOCHHOCTH MPH BAPUAHTHBIX HCCIEIOBAHMAX.

C y4eTroM yXecToYeHHs JKOJOTHYESCKUX TpeOOBaHHH
TaKkKe BOKHO ONTHMI3HPOBATH PabOTy SHEPreTHUEeCKIX
komioB Ha jeiictByrommx TOC [5-7]. B uacrHoctH, B
MHUpPOBOii TIPaKTUKE LIUPOKO HCIOIB3YIOTC TaKue TeX-
HOJIOTHH, KaK CXKHTaHHE TBEPHOTO TOIUIMBA B IIOTOKE
kucnopona [8, 9], HU3KOTEMIEPaTypHOM LHPKYJIUPYIO-
meM kumsnieM cioe [10], crymenyaroe U HECTEXHOMET-
puueckoe cxuranue [11], a Takxke UCIONB30BaHKHE Mao-
IMUCCHOHHBIX TOPEIOYHBIX YCTpoHcTB [12], Mokpas u
cyxas mecyibdaph3anus IBIMOBBIX Ta30B, CENEKTHBHOE
KAaTAJTUTHYECKOE M HEKATATUTHICCKOE BOCCTAHOBICHHE.
YroObl yMEHBIIMTH 3arpsA3HEHHE OKPYKAIOLIEH Cpejbl,
paspemienHsie BBIOPochl NOy OT 3NMEKTpOCTaHLMH ObLTH
JUPEKTHBHO CHUKEHBI BO MHOTUX cTpaHax. Hampumep, B
EBpomeiickom Coroze aomycTMasi KOHIEHTPAIMS BBI-
OpOCOB  JI  DJIEKTPOCTAHIMK  MOIHOCTBIO  OoJiee
500 MBT cocragmsier 200 Mr NOy/um® mpu 6 % O, [13].
B Kutae ycraHOBNEHBI aHAOTHYHBIE CTPOTHE JKOJOTH-
yeckue TpeboBanus [14]. B Poccum kommdecTBeHHbIE
3HAYEHHS YACNBHEIX BHIOPOCOB 3arps3HSIONINX BEIIECTB
Oonee BEICOKHE, HO TCHICHIWS HANPABICHA HA TOCTHIKE-
HUE YPOBHS BHIOPOCOB, KaK B Pa3BUTHIX cTpaHax [6]. Tak,
HauMeHblas MaccoBasi KoHieHTpams NOy B JBIMOBBIX
razax NPy HOPMAIBHBIX YCIOBHAX W KoHIEeHTpamuk O, 6 %
Il KOTENBHBIX YCTAaHOBOK HA TBEPIOM TOIUTHBE, BBEICH-
HBIX B 3KcIDTyararmio o 31 mpekabps 2000 r., cocrapnser
320 mMr/M°, a f1% BBEJCHHEIX B 9KCIUTyaTanuto mocie 31
nexabps 2000 . — 300 mMr/M® IpH MAPONPOU3BOAUTEb-
HocTH JI0 420 T/4. C yBeNMYEHHEM TapONPOM3BOIUTENb-
HOCTH 3HaueHHe MaccoBoi koHmeHTpammu NOy Takxke
Bo3pactaer. K coxanenuto, 6onbinacTBo TOC Ha TBEp-
JIoM ToIuiBe, JeicTByromux B Poccuu, He yAOBIETBO-
pstoT TpeboBanusaM, npenbssiseMbiMm ['OCT P 55173-
2012 [5].

B cBM3M C BEHINICH3NOKEHHBIM aKTYalbHB PaOOTHI,
CBSI3aHHBIC CO CHKEHHEM BpeHbIX BEIOpocoB oT TOC B
OKPYKAIOIIYI0 Cpely NPU OpraHu3alli CKUTAHUS TIbLIe-
YTONBHOTO TOTIMBA C YYETOM OO0ECTedYeHHs MOTHOTHI
BEITOPAHS TOILIHBA, CTAOMIBHOCTH TOPEHHS, PABHOME-
HOCTH PacIpeeNeH s TEIUIOBBIX TIOTOKOB U OTCYTCTBHS
IITaKOBAHHS.

[Ipu opraHmzanyy CKUTaHUS TOIUIUB HEBBICOKOTO Ka-
YEeCTBA WM C HU3KUM BBIXOJIOM JIETYUHX BEIIECTB B BUX-
PEBBIX TOPEJOYHBIX YCTPOHUCTBAX CIOKHO COOTBETCTBO-
BaTh NPEIBABISCMBIM TPEOOBAHHAM TI0 MAcCOBOH KOH-
IEHTPAIMH OKCHJIOB a30Ta B CBSI3U C HATNPABJICHHOCTHIO
JIAaHHOM TEXHOJIOTHU CKUTaHWS Ha GOpMUpOBAHHE BBICO-
KOTEMIIEpaTypHOTo sapa ropeHus. OMHUM U3 TPOCTHIX U
OTHOCHUTENBHO HEJIOPOTHX METOJOB CHIXKEHHS TeHepa-
un NOy sBisSeTCS NPUMEHEHHE MalO3MUCCUOHHBIX TO-
PEIOYHBIX YCTPOUCTB, KOTOPHIE TAKXkKe MOXHO COYETATh 1

C IPYTHMH TEXHOJIOTHAMH CHIDKeHHs BeIopocoB NOy [15].

B ManosMHCCHOHHBIX BUXPEBBIX TOpENKax peann3yercs
CTyMEHYaTOe CXKWTraHWe TOILIMBA B Tpenenax (dakena
TOPENKU MOCPEACTBOM MHOTOKAHABHOCTH, YTO MPHUBO-
muT K cHmwkenuio reHepauud NOy [16]. Ho npu stom
BO3MOKHO yBEJIMUEHHE HENO0XOra TOIUIMBA, YBEIUYCHHE
JUTMHBI (haKena, a Takxke H3MEHEHHE MPOTeKaHKA (PU3HKO-
XUMHYECKUX MPOIECCOB B TOMOYHOM 00BEME, UTO MOXKET

HETaTHBHO OTPa3UThCSA HA dPQPEKTUBHOCTH M HAIECKHO-
CTH pabOTHI KOTENBHOTO arperaTa B IENoM.

JUist poBeNieHus TIOI00HBIX HCCIIEOBAaHUI B HACTO-
siee BpeMs HauOolee 11eIeco00pa3Ho MPUMEHITh METO-
JIBI YHCIIEHHOTO MOJICTUPOBAHNUS. BrrunciutensHas Tu-
POJMHAMHUKA TIO3BOJIAET 0OECIIEUUTh BCECTOPOHHEE pac-
CMOTpeHHe NHYOPMALIHH B IIHPOKOM CIIEKTPE IS ONTH-
MHU3AIMA U YIy4IIeHUs TPOIecCoB TOpeHus, S3QPeKTrB-
HOCTH 9KCIUTyaTalii KOT/Ia IPH COKPAIICHI CTOUMOCTH
3aTpaT U BPEMEHU B OTIHYHE OT JKCIEPHUMEHTATBHOTO
uccnenosanus [17-19]. Haubonee pacnpocTpaHeHHBIMH
MOAXOJAaMH K MOJETUPOBAHHUIO C TOUKH 3PEHUS 3KOHO-
MUYHOCTH ¥ JJOCTATOYHOH TOYHOCTH AN TMOJOOHOTO po-
la WCCIEIOBaHUH SBISETCA TpuMeHeHHe K-& Mmomenu
TypOynentHoct [20-22], DitnepoBo—Jlarpamxesa moji-
X0J1a JUIS MOZICTUPOBAHHUS Ta30BbIX TIOTOKOB ¢ HATHYAEM
TBepAbIX yactuil [23, 24] u Pl-monenu ans pacuera pa-
JMAIOHHOTO TemioooMeHa [25].

B nanHo# pabote TpoBeneHBI BapHAHTHBIC YHCIEH-
HBIC MCCIIEIOBAHMUS TOTIOYHBIX MPOIECCOB MPU CKUTAHUH
9KMOACTY3CKOTO YIJisl B TOMOYHON Kamepe KOTEIbHOTO
arperata mapoIrpoM3BOJUTEILHOCTBIO 420 T/4 PUMEHU-
TENBHO K 3aMEHE IBYXKAHAIBHBIX BUXPEBBIX TOPENOK HA
HI3KOOMHCCHOHBIE YeTHIpeXKaHanbHbIe. Heo0xoxmmocTs
TIPOBEJICHHS BAPHAHTHBIX MCCICIOBAHHI CBA3aHA C OII-
TUMHU3AIMEH OTHONICHUS TONH MEPBHYHOTO M BTOPHYHO-
r0 BO3AyXa K TEOPETUIECKH HEOOXOAMMOMY, KOTopas
JOCTUTraeTCs TOCPEICTBOM BAapHUPOBAHMSA COOTHOIICHHS
CKOpOCTEll TOITMBHO-BO3IYIIHOM CMECH M BTOPUYHOTO
BO3/IyXa, BEIXOJIAIIETO Yepe3 KaHaJbl HU3KOIMHCCHOHHON
ropenki. C Lenblo aHaInu3a ONTUMATBHBIX COOTHOIIEHUH
NPUHATH 1Ba BaphHaHTa C PasHOH JOJEH MEepBUIHOTO
Bo3ayxa (0,18 u 0,25) npu oOmem Ko3puireHTe n3-
ObiTKa Bo3ayxa 1,2. Kpome Toro, mpencTaBieHsl pe3yib-
TaTbl IIPU OpraHu3aluy CKUT'aHUA TOIUIMBA 110 BapUAHTY
C MpPOEKTHBIM HCIIOJIHEHUEM TOPEIOYHbIX YCTPOUCTB
(¢ moneit mepBruHOTO Bo3ayxa 0,2).

OGbeKT uccnegoBaHus U JKcnnyaTalMOHHblIe napamMeTpbl

OOBEKT HCCTeNOBAHMS TIPEACTABICH B BAIE KOTIA C
T-o0pasHoii kommoHoBKo# (puc. 1). Tomka OTKPBITOTO
THTA C TBEPAbIM MUIAKOYJaleHHEM. ODKpaHbl KaMepbl
BBHITIOJIHEHBI M3 KAPOMPOYHBIX TpyO Auamerpom 60 MM
maroM 64 MM [26]. 'eomeTpudeckue pa3Mepsl BEpXHEH
YaCTH TOIKU COCTaBIAIOT 15744x3776 MM, HWKHEH —
15744x9024 mm.

JIBeHaUaTh MBUICYTONBHBIX TOPENOK PACIONOKEHBI
Ha OOKOBBIX CTEHKaX B OJWH PSA MO IIECTb LITYK APYT
HaIpOTHUB JApyra ¢ MOOYEpPeAHON JIeBOH U MpaBoi KpyT-
Koii (puc. 2, a). B KOHCTPYKLHIO TOPENOK BXOAAT Ma3yT-
Hble (HOPCYHKH JUT 00€CTICUCHHS PACTONKU KOTIA.

C 1enbro CHIDKEHHS TEHEpPAIMK OKCUIIOB a30Ta IMpe/-
JIOCEHO YCTAHOBHTH B T€ ke aMOpasypsl HU3KOIMHUCCH-
OHHbIC BUXPEBBIC TOPEIOYHBIE YCTPOicTBa (pHC. 2, 6).
LentpanpHelii kaHam — MasyTHas ¢opcyHka. KoHmen-
TPUYHO K HEMY KaHal TOJAYd TOIUTMBHO-BO3MYIIHOH
CMECH ¥ TIOCTEYIOIME TPU KaHaja JUis BBOJA BTOPUY-
Horo Bo3ayxa. Jluamerpst coorBerctento 209, 490, 670,
833, 1015 mm. Ilpu 3TOM OCH TOPENOK COOTBETCTBYIOT
PACIIOJNIOKEHUIO TOPENIOYHBIX YCTPOUCTB B 0a30BOM BapH-
aHTe — Ha OTMeTKe 6564 MM OT YCTbsl XOJIOJHOH BOPOHKHU.
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Puc. 1. ['eomempuueckas MoOenb MONOYHOU Kamepbl
Fig. 1. Geometrical model of the boiler furnace chamber

PaccmarpuBaemblil 3KHOACTy3CKHE yroib o00Jamaet
CHEIU(UICCKAMH  TEIUIOTEXHMYECKIMU  CBOMCTBAMH.
B coueranuy ¢ HU3KOM B3PBIBOONACHOCTBIO, MANOI cep-
HUCTHOCTBIO, XOPOIIEH CHIMYy4eCThI0 M HU3KOW BIAXKHO-
CTBI0 HMEET BBICOKYIO 30IBHOCTB, KOTOpas HAXOIUTCS B
JIMana3oHe Ar=32,9...41,9 % W MOXeET Jaxe MPEeBHIMIATh
50 %. lpu sToM GombIoe copep:KaHue OKCHAA KPEMHHUS
(Si02=59...64 %). Benencrue BHICOKOH aOpasMBHOCTH
3076l TpuHUMaeTcs T-00pa3Has KOMIIOHOBKA TOTOYHOH
KaMepBl.

o6/b
Puc. 2. Cxema pasmeujerHus 20peiok ¢ HanpaeieHuem 6pa-
WeHUsl: a) NPOEeKMHbBIX 20PeloK, 0) MALOdIMUCCUOH-
HblX cOpeloK
Fig. 2. Scheme of burners with a marked swirl direction: a)
design burners; b) low emission burners

Marematuyeckas mogenn

[Ipn MonenmMpoBaHMK TOMOYHBEIX IIPOLECCOB B MbLIE-
YTONBHBIX KOTENBHBIX arperarax JOMONHUTENBHYIO CIOK-
HOCTh BHOCHT ABYX(a3HbIil Xapaktep mortoka. [loaromy
npuHAT OiinepoBo-JlarpamxeB MOIXO0J, MO3BOJSIOMINIA
JIETAIBHO TIPOCUYUTHIBATH TPACKTOPHIO JIBUKEHHS OTHENb-
HBIX YaCTHUI[ BO BCEM TOMOYHOM 00ObeMe. COOTBETCTBEHHO
TPAEKTOPHS JBIKEHHS YaCTHI] YIJISI ONMHCHIBAETCA MOJE-
Jb10 IUCKpeTHBIX (ha3. Cuitbl, JEHCTBYIOIIME HA TOILIUB-
HYIO YacTHILy NPH €€ JBIKEHUH B I'a30BOM MOTOKE, SBIIS-
IOTCSl CHJIaMH COTIPOTUBJICHUS U cwiiamu Tsokectu. Ilpen-
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TIOJIaraeTcsl, YTO0 BCE YACTHIIBI SIBIAIOTCS CHepHUECKUMA.
VpaBHeHNeE ABIKEHHUS YACTHII 3AIICHIBACTCS B BHE:

:FD-(G—Gp)+—g.(/:;p_p),

— BEKTOp CKOPOCTU YacTHl| yris; O — BEKTOp

Tac Up

CKOPOCTH Ta30BOTO MOTOKa; Fp — cuia compoTHBIEHUS
Ha EIMHMIY MAcChl YaCTHILBl;, Oy — IUIOTHOCTh YaCTHI
yII4; P — IIIOTHOCTB I'a30BOTO NOTOKA.

TpexmepHOe TeueHHE NOTOKA ra3a ONMCBHIBAETCS CHU-
cremoit ypaBHenud HaBbe—CTOKCa, yCpemHEHHBIX IO
PeitHombaCcy, KOTOpast COCTOMT M3 YpaBHEHHMIA COXpaHe-
HHUSL MAacChl, UMITYJIbCA, SHEPTHHL.

[TapameTpsl TypOYJNEHTHOCTH ONpPEAEIAIOTCA C WC-
nonp3oBanueM K-& momemu TypOymentHoct [27, 28].
JlaHHas MoJieNlb OCHOBaHa Ha peLleHUH ypaBHEHHH mepe-
HOCa Wi TypOyneHTHOH KuHerwueckoi smeprun (K) u
CKOPOCTH TYpOYJIEHTHON AUCCUIIALIAH (&).

Jlnst TypOyneHTHOH KHHETHYECKOH SHEPruH:

o(pk) alpku) o [ ) ok
a o ax o (Ve e [T

+G +G, —p-&-Y, +S,.
Jls pacceuBaHus:

6(p£)+6(pgui) _ 0 y+i o¢ .

ot OX; OX; o, ) X
£ &

+C, 'E'(Gk +C35Gb)_C25 'p?_'_sa'

3zech Uj — KOMIIOHEHT CKOPOCTH B COOTBETCTBYIOIIEM
HaMpaBJICHNUH; 4 — BA3KOCTh Ia30BOTO MOTOKA; f4 — TYp-
OyneHTtHas (BUXpeBast) BA3KOCTh; Gy — reHepanus KuHe-
THYECKOW SHEPrud TypOYIECHTHOCTH 33 CUET TPajieHTOB
cpemHeit ckopocty; Gp — reHepanys KHHETHIECKOH SHep-
TUH TYpOYNEHTHOCTH 3a CUeT IUIaBy4ecTH; Yy — QIyKTy-
aIMOHHAs UIATalUsg B CKHMaeMoM TypOyJeHTHOCTH B
o0myro ckopocth pacceuBanus; Cq,, C,,, Cs, — KOHCTaH-
Tl MOIENU TYPOYIEHTHOCTH; Ok, O, — TYpOYyJICHTHEIE
upicita [IpaaTis At KHHeTHIECKOH SHEPTUA U CKOPOCTH
JMCCUMALNH; Sy, S, — SHTANBIINH.

Jl1s IpaBUIBHOTO MPOTHO3MPOBAHUS (HOPMBI U TEM-
THepaTypsl IVIaMEHH MPUHATA TOYHAS U 3(Q¢eKTHBHAI B
BBIUMCIMTENbHOM OTHOIIEHHH Pl Mozens nmepeHoca Ten-
7ToBoro m3mydeHwms. KauecTBeHHOE IPOTHO3UPOBAHIE
3arps3HAIONINX BENIECTB, TAKUX KaK OKCHIBI a30Ta, Tak-
e 3aBUCHUT OT MPABMJIBHOCTH pacyeTa TEIIOBOTO M3Iy-
4yeHus. B nmaHHOM Mojenu ra3 mpuHHMMACs Kak cepoe
teno. [T0TOK U3ydeHus! OMUChIBACTCS YPABHEHHEM:

1

———+VG,
3-(a+0,)-Co,

Qi =—

rie a — KO3 UIUEHT MOMJIOMIEHHS; g5 — KO QUIHEHT
paccenBanus; C — NMMHEHHO-aHU30TPOIHEIH K03 dHIn-
eHT (hazoBoi GpyHKIMK; G — Majaromiee U3TydeHHE.

YpaBHeHHE TMepeHoca IS MaJAloLIero H3NMy4YeHHs
BBITJLLIUT CIIETYIOMUM 00pa3oM:

V-(I'VG)-aG+an®*cT* = S;,
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rie N — mokasaTenb NPeNIOMIECHUS CPEJibl; ¢ — MOCTOSH-
Has Credana-bonbimana; Sg — ompenenseMblil HCTOU-
HUK M31y4EeHHUs.

[Ipu pacuere cornacoBaHHBIX TONEH CKOPOCTH U JIaBIIe-
Hus npuMmensiiack npotenypa SIMPLE. Uucnennoe Mofe-
JMPOBAHUE BBITIOIHEHO C UCIONB30BAHUEM KOMMEPUECKOTO
naketa npuknagHeix nporpaMm ANSYS FLUENT.

Pe3yn bTaTbl UCCNeaoBaHUA

Js momydyeHus Ka4yecTBEHHOM KapTUHEI Pe3yIbTaToB
WCCIEIOBaHMS TONOYHBIH 00beM pa30ur Ha 2167745
sYeeK, CO CTYIIEHHEM Ha YPOBHE TOPEOYHBIX YCTPOICTB.

[Ipn HAaTYpHOM HCCIIEIOBAaHHUM TeMIepaTypa Io Bep-
TUKaJIH TOTKH ObLIa M3MepeHa C MCIIONb30BAHUEM OITH-
9EeCKOTO M aKyCTHYECKOTO MUPOMETPOB Uepe3 Creruab-
HO MOATOTOBJICHHBIE OTBEPCTHS B CTEHKAX TONKH. M3Me-
PEHHS ONTHYECKUM [IMPOMETPOM TIPOBOIMIHCH HA YETHI-
pex ypoBasx: 6,841, 10,291, 13,591 u 20,191 M oT ycTbs
XOJIOJIHON BOPOHKH, a Ha ypoBHe 23,491 M Temmepatypa
M3MEpANach C HCMOTB30BAHUEM aKYCTHIECKOTO MHpO-
Metpa. UncieHHbIe 3HAUCHIS TeMIIepaTyphl peCTaBIe-
HBI 110 LEHTPaIbHOH OCH TOIOYHOH KaMepbl, OTCTOSIIEeH
Ha 2,272 M oT (poHTOBOH cTeHbl. Kak npeacrasieHo Ha
puC. 3, M3MEPEHHbIEC W PACCUNTAHHBIEC 3HAUCHUS TEMIIe-
paTypsl UMEIOT HeOONBINOE PACCOTIACOBAHIE B HIDKHEH
YaCTH TOIKH, HO B IIENOM XOPOIIO COTJIACYIOTCS KOJIde-
CTBEHHO M KauecTBEHHO. TakuM 00pa3oM, NpUHATAs MO-
Jenb T03BOJISET MONYYHTh AOCTaTOYHO TOYHBIE TPE-
CTaBJCHHS 0 (PaKTHUCCKHX XaPAKTEPHCTHKAX IPOILECCOB
TOPEHHS YTIIS B TOTIKE HCCIEAYEMOTO KOTa.

Pesynpratsl  mccnenmoBaHMS  adpOIMHAMHYECKOM
CTPYKTYphI IOTOKA TpeCTaBNeHb! Ha puC. 4, 5. CornacHo
I/ICHOHL?:yeMOﬁ TEXHOJIOTUN OpraHu3anuu CKUTAHUS TOII-
JMBHO-BO3AYIIHAS CMECh IIOCTYMAeT B IEHTPAIBHYIO
9acTh TOPEINOK, 8 BTOPHYHBIN BO3IYX — B mepuepuitHbie
KaHasbl. HecMOTps Ha yBenuyeHHe KOJIM4ecTBa KaHaIoB
U1 o1a4v BTOPUYHOTO BO3JAYyXa B BApPUAHTAX C HU3KO-
IMUCCHOHHBIMU Topenkamu (puc. 4, 0, 6; puc. 5, 6, 8) u
00YCITOBIIEHHBIE ATHM TIepepacnpeieleHis 00beMOB B03-
IyXa M0 KaHalaM, B OTIHYHE OT NPOEKTHOTO BapHaHTA
(puc. 4, a; puc. 5, a), pacnpocTpaHEeHHE COOCHO3aKPY-
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YEHHBIX TOPEJIOYHBIX CTPYH HE HMMEET CYIECTBEHHBIX
ornuunid. Ha BBIXOJIE W3 TOPETOYHBIX YCTPOUCTB 3aKpy-
YCHHBIC COOCHBIC TTOTOKU TOIUIMBA M BO3IyXa ABUKYTCS
€O CKOPOCTBIO TIPHMEPHO 22 M/c.

30 —
L] Hary pHble H3MepeHHA
UnclneHHBIH pacdeT

25 —

1000 1200 1400 1600 1800 2000
Temmnepatypa, K

Puc. 3. Cpasnenue pe3yismamos 4ucieHHO20 MOOenuposa-
HUSL U HAMYPHBIX USMEPEeHULl meMnepamypbl no 6bi-
come monoyHou Kamepbul

Fig. 3. Comparison of the simulated and measured temper-
ature profiles along the furnace height

B BepxHeii yacTd TOmoyHOro 00beMa, B 00JACTH €ro
cyxenus (puc. 4), CKOPOCTH BO3PACTAIOT M B CPEIHEM
COCTaBIAIOT 12 M/C BO Bcex BapuaHTax. B HinkHel yacTu
TOMOYHOTO 00beMa MMEIOTCS OTIIMYHMS, CBSI3AaHHBIC C H3-
MEHEHISIMH HAYaIbHEIX 3HAYCHUH CKOPOCTEH BBOIA Tep-
BUYHOTO ¥ BTOPUYHOTO BO3IyXa. JTO HAHOONee OTUET-
JMBO BUAHO Ha puc. 5. CpefHue 3Ha4eHU CKOPOCTEH 110
00bEMy TOTIKH cocTaBnsAoT 7-8 m/c. CpaBHUBas pe3yiib-
TaTbl BApPUAHTHLIX YUCJICHHBIX PACYCTOB a3pOJWHAMHUYC-
CKO¥i CTPYKTYpPBI IOTOKA, MOKHO OTMETHTB OOJee HIBKHE
3HAYeHHUs CKOpocTed (Ha 2—3 M/C) pH YBETHUCHHH JIOJH
TIepBUYHOTO Bo3ayxa 0 0,25.

5.50e+01

slc

Puc. 4. Pacnpedenenue cxopocmeii (m/c) no evicome monounoi xamepvl (z=2,272 M): a) npoekmuwlil 6apuanm,
6) HU3KOIMUCCUOHHBIE 20peKU ¢ 0oJell nepsuuno2o 6030yxa 0,18; ) Hu3KoIMUCCUOHHbBIE 20PENKU C OOl NEPEUUHO-

20 6o30yxa 0,25

Fig. 4. Velocity distribution (m/s) in the height of the furnace section (z=2,272 m): a) design variant; b) low emission burn-
ers with a share of primary air of 0,18; c) low emission burners with a share of primary air of 0,25
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Puc. 5. Pacnpeoenenue ckopocmeii (M/c) 6 20pU30HMAIbHOM CedeHUuU MONnoYHoU Kamepol (Y=0,564 m): a) npoexmuviii 6apu-
anm; 6) HU3KOIMUCCUOHHBIE 20peiKU ¢ 0oell nepsuirozo 6030yxa 0,18; 8) HU3KoIMUCCUOHHBIE 2openKU ¢ Doell nep-

suuno2o 6030yxa 0,25

Fig. 5. Velocity distribution (m/s) in the horizontal of the furnace section (y=6,564 m): a) design variant; b) low emission
burners with a share of primary air of 0,18; c) low emission burners with a share of primary air of 0,25

Pacnpenenenue Temmepatyp B BEPTHKAILHOM Ceve-
HAH TI0 OCH TOPENOYHBIX YCTPOMCTB MPEINCTAaBICHO Ha
puc. 6. ObnacTit ¢ MaKCUMAIbHBIMU 3HAYEHUSAMH TEMTIe-
paTyp pacronaraioTcst Ha ypoBHE TOPEIOUHBIX YCTPOIICTB,
a SApO TOPEeHHUs 3aHUMAaeT MPOCTPAHCTBO OT 4 10 13 M 1o
BBICOTE TOTIOYHOW Kamephl. HamOonee TemmoHampskeH-
HBIM TIPEACTABIAETCS CEUCHHE TPH TPOEKTHOH KOMIIO-
HOBKE TOPENIOYHBIX YCTPOUCTB (pHC. 6, @), TIPH KOTOPOiH
MakcHMallbHOe 3HaueHue Temnepatyp coctapiser 1700 K,
a Ha BbIXoje u3 TonouyHod kxamepsl 1500 K. Ilpu ycra-
HOBKE HH3KOIMHICCHOHHBIX TOPENOYHBIX YCTPOUCTB TEI-
JI0BOE HATIPSHKEHHE TOTOYHOTO 00beMa CHIDKAeTCd, B
YACTHOCTH, Ha BBIXOJC M3 TOMKH 3HAYEHHS COCTABISAIOT
1300 u 1290 K (puc. 6, 6, 6).

[Ipy paccMOTpEHMH TOPU3OHTANBHBIX CEYEHUH Ha
YPOBHE PaCIIONOKEHIS BUXPEBBIX TOPEIOYHBIX YCTPOHCTB
BBICOKOTEMIIEPATYPHAS 30HA PABHOMEPHO 3aIONHIET BCE
CeUeHHe OTHOCUTENBHO NEHTpanbHOW ocu (puc. 7). Ha
puc. 7, a, 6 0OTYETIINBO HAOMIOAIOTCS IKEKIHOHHBIE 30-
HBl B IEHTPATBHBIX YaCTSIX MPUTOPENOYHOTO MPOCTPAH-
CTBa, HYTO CIOCOOCTBYET WHTCHCH(HUKAIMH MPOTPEBa
TOIUTMBHO-BO3IYITHON CMECH ¥ YBEIUYEHHIO CKOPOCTH
BOCIUIaMeHeHUs. [Ipu yBenumdeHWW AONM MEePBUYHOTO
Bo3ayxa 10 0,25 9KEKIMOHHbBIC LEHTPAJIbHbIC 30HBI €
TIOZBOJIOM BBICOKOTEMITEPATYPHBIX IIPOTYKTOB CTOPAHHS
B COOCHO33KPYUCHHBIX TOPENOYHEIX CTPYSIX HAOTIOTAI0T-
sl B TOPEINKaX, PACTONOKEHHBIX BONM3H OOKOBBIX CTEH.
[Ipu 3TOM B IPHOCEBON YACTH TOTIOYHOTO 00BEMA IKEK-
VS BBICOKOTEMIIEPATYPHBIX MPOIYKTOB CTOPAHKS CYIIe-
CTBeHHO HIKe (puc. 7, 6). TakuM 00pa3oM, BO BHYTpEH-
Hell 30HE pacKpBITHS BHXPEBOTO (hakema Ipomecc BOC-
IIaMEHEHHS U BHITOPAHHS TOIUTMBA UMeEET Oonee HI3KYI0
MHTEHCHUBHOCTb.

Ecnu akcuanpHbple 3HAYEHHs CKOPOCTEW Ha paccTos-
Han 250 MM oT aMOpasypsl TOPENOYHBIX YCTPOMCTB
UMEIOT CXOXHH TIPOdHIb 1 ONH3KUE aOCOMIOTHEIE 3HAYE-
HUS TI0 BCEM TOPENOYHBIM yCTpoiicTBaMm (puc. 8, a), To
aHAJIOTUYHBIC 3HAYCHHMSA TEMIEpaTyp HaOMI0maloTcs B
CTPYSIX KpalHUX TOPENOYHBIX YCTPOMCTB, @ B OCTAIbHBIX

22

OHH CYIICCTBEHHO Pa3NMYAlOTCS B TIPHOCEBBIX 30HAX
TonkH (puc. 8, 0). YPOBEHb TeMIEpaTyp B HMPOSKTHOM
(6a3oBOM) BapuaHTe B 30HE MKekuuu gocturaer 1400 K,
a B BapUaHTaX C HU3KO3MUCCHOHHBIMH TOPEIKAMH C J0-
neit mepeuyHoro Boszayxa 0,18 cocrasnser 1200 K, u
450K ¢ noneit nmepsuunOro Bo3myxa 0,25. MoxHo BH-
JIeTh, 9TO B IOCIETHEM BapHaHTe Ha yaaieHun 250 Mm
OT YCThs TOPENIOK 3HAYCHUE TEMIIEPATYP B IKCKIIMOHHOM
00J1aCTH COOTBETCTBYET TEMIIEPAType MEPBUYHOTO BO3-
nyxa. Takum 00pa3oM, ¢ YBETHYECHHEM J0JH IEPBUIHOTO
BO3IyXa yXy/IMIAeTcss BOCIUIAMEHEHNE H BHITOPAHUE Ya-
CTHII, PacTPOCTPAHIIONINXCS B TPOCTPAHCTBEHHOM CIOE
C MAaKCHMAJbHOW CKOPOCTBIO M KOHIIGHTparued. ITo
00yCTOBIIEHO CcnaObIM BO3/ICHCTBHEM BBICOKOTEMIIEPa-
TYPHBIX YKEKIUOHHBIX MOTOKOB. B CBs3W ¢ Tem, 4TO B
JaHHOW 00JacTH pacmpocTpaHAeTCs OCHOBHAas Macca
TBUIEYTOJNBHBIX YACTHI, TIPOTPEBOM MMEHHO 3THX CIIOCB
OMpEIENACTCS CKOPOCTh Pa3BUTHA IUIAMEHH 10 BCEMY
TIOTIEPEYHOMY CEUCHHUIO TOIUTUBHO-BO3IYIITHON CMECH.

W3menenue Temnepatypbl, koHuentpamu 02 u NOy, o
BBICOTE TIONIEPEYHON OCH TOTMOYHOH KaMepsl (z=2,272 wm),
npencTaBieHo Ha puc. 9. Bo Bcex BapuaHTax B JaHHOM
TPACKTOPUH TPAIUCHT M3MECHEHHS TEMIIEPATYp HE3HAYH-
teneH (puc. 9, a). TemmnepaTypHbIil ypoBeHb ¢ Makcu-
MaJbHBIMA 3HAYCHHSAMHU TEMIIEpaTyp HAOMOmaeTcs TpH
TOPEHNHU 3KHOACTY3CKOTO YITIS ¢ MPUMEHEHHEM JIByXKa-
HAJBHBIX BUXPEBBIX TOPENOYHBIX YCTPOMCTB (0a30BbIi
BAPHMAHT), YEMy COOTBETCTBYET 00Jiee BHICOKAs KOHIICH-
tpatms NOy (puc. 9, 6). Ucnonb3oBaHue YeThpexka-
HAJBHBIX HU3KOIMHCCHOHHBIX TOPENOYHBIX YCTPOHCTB
TPUBOJUT K CHUKCHHIO YPOBHS TEMIEpaTyp (IpUMEPHO
Ha 200 K), 9T0 cOOTBETCTBYIOMMUM 00pa3oM OTpaxaercs
Ha cHkeHnu reHepanun NOy. Bmecte ¢ Tem mpu opra-
HIBALMH C)KUTAaHMSA 3KHOACTY3CKOTO YIS B HU3KOAMUC-
CHOHHBIX TOpeJKaX HAONIOAeTCs TOBEIIICHHE COMIePKa-
Hust O,, 9TO CBUJETENBCTBYET O HETIONHOTE BBHITOPAHHUS
TOIUTMBA U COOTBETCTBYIOIIEM BIMSHUU HA YPOBEHb TEM-
nepatyp u KoHieHTpaiuo NO,.
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Puc. 6. Pacnpeoenenue memnepamyp (K)
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no evicome monouHou kamepvl (2=2,272 Mm): a) npoeKmHulL 6APUAHM;

6) HUBKOOIMUCCUOHHbIE 20peTKU ¢ D0TIel nepeuyro2o 8030yxa 0,18, 8) HUZKOIMUCCUOHHbIE 20peKU ¢ O0TIell NePEUUHO-
20 6030yxa 0,25
Fig. 6. Temperature distribution (K) in the height of the furnace section (z=2,272 m): design variant; b) low emission burn-
ers with a share of primary air of 0,18; c) low emission burners with a share of primary air of 0,25
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Puc. 7. Pacnpeoenenue memnepamyp (K) 6 copusonmanvrnom cevenuu monounoi xamepol (y=6,564 m): a) npoexmmuoiii éa-
puanm; 6) HUSKOIMUCCUOHHBIE 20peaKU ¢ Joaell nepsuuno2o 6o30yxa 0,18; 8) HUBKOIMUCCUOHHBIE 20penKU ¢ 0oell
nepsuuHozo 8030yxa 0,25
Fig. 7. Temperature distribution (K) in the horizontal section of the furnace section (y=6,564 m): design variant; b) low
emission burners with a share of primary air of 0,18; c) low emission burners with a share of primary air of 0,25
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Puc. 8. Xapaxmepucmurxu monounou cpedvl 6001b 00K0G0U cmeHvl Ha paccmosinuu 250 mm om ambpazypvl 20penox:
a) akcuanvhas ckopocms (m/c); 6) memnepamypa (K)
Fig. 8. Characteristics of the combustion medium along the side wall at a distance of 250 mm from the burners: a) axial
velocity (m/s); b) temperature (K)
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Puc. 9. Temnepamypa (a), maccosas doas O, (6); konyenmpayust NOy (8) no gvlcome monouHoi Kamepvl
Fig. 9. Temperature (a), mass fraction of O, (b); NO, concentration (c) along the height of the combustion chamber

3aknroyeHue

Pe3ynpTaTel MOAENMPOBAHKS JOCTATOYHO XOPOIIO CO-
[7aCyIOTCsl ¢ HaTypHBIMH H3MEPEHUSMH TEMIIEPATyp MO
BBICOTE TOTOYHOW KaMepbl, COOTBETCTBEHHO MPUHATHIE
YUCIICHHBIE ANTOPUTMBl M MaTeMaTHYeCKHe MOJIENH
MIMEIOT BBICOKYIO CTETIEHb JOCTOBEPHOCTU U TO3BOJIAT B
JIaNTbHENIIEM TPOBOAUTH KAUECTBEHHBIE MPEANPOCKTHbIC
BAPUAHTHBIE HCCIIEIOBAHUS.

[pu yBenwyeHnn 101M MEPBUYHOTO BO3/yXa U COOT-
BETCTBYIOIIEM CHIKCHHH BTOPUYHOTO, 0€3 M3MEHEHHS
YCTAHOBOYHBIX YIJIOB JIONMATOYHBIX 3aBUXPUTENEN Tpo-
HCXOUT CHIKEHHE MapaMeTpa KPYTKH 10 KaHallaM BTO-
PUYHOTO BO3AyXa M COOTBETCTBEHHO YIJa pPAaCKPBITHA
ONIMHOYHOTO (hakena. B3amMHOe BIHSHHE COCETHHX TO-
PENOK C MPOTHBOKPYTKOW MPHBOMUT K CHUKCHHIO TaH-
TeHIIMATBHBIX CKOPOCTEH W 3XEeKIMOHHBIX O0nacTed B
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The relevance. It is necessary to find optimal solutions for organizing the combustion of polyfractional pulverized coal fuel, taking into
account the reduction of emissions of harmful substances, in particular nitrogen oxides, at existing and new thermal power plants. Current-
ly, the problem of increasing the environmental parameters of thermal power plants in Russia is very acute, since most of the existing
plants do not meet modern environmental standards and requirements.

The aim of the research is to determine the impact of the organization of solid fuel combustion using low-emission burners with possible
modernization on combustion and to assess the possibility of efficient combustion by increasing the rate of primary air.

Object: furnace chamber of the power boiler in the design version and with the replacement of the design burners with low-emission ones.

Method. The numerical study was performed using the Ansys Fluent V.12.1 software package, mathematical modeling of physical and
chemical processes — in a furnace chamber based on Euler-Lagrangian approaches.

Result. A mathematical model is developed based on a package of application programs with a qualitative representation of complex
physical and chemical processes in the volume of the furnace chamber. The estimation of the possibility of organizing the burning of Eki-
bastuz coal in low-emission burners with the optimal ratio of primary and secondary air without changing the installation angles of the blade
swirlers is given.

Keyword:
Power boiler, vortex burners, coal, mathematical modeling, Euler-Lagrange method.
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