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B crathbe Ha OCHOBE pelleHUs TPeXMEPHbIX YPaBHEHWI TernAoMac-
conepeHoca B pearvnpyiolyx TeUeHnsX MPeACTaBAeHbl Pe3yAbTaTbl Bbi-
YUCAUTEABHBIX IKCTIEPUMEHTOB M0 CXKUIAHMIO HU3KOCOPTHOTO Ka3axcTaH-
cKoro yras. B kauectse o6bekTa MCCAGAOBaHMI ObiA BbiGpaHa TOMOUHas
Kamepa PeaAbHOr0 KOTAQ, PAaCroAOKeHHOro Ha Akcyickon TIC, Ka-
3axcraH. BbIAM MCCAEAOBaHbI TENAOBblE M KOHLEHTPALMOHHbIE Xapak-
TEPUCTUKM NPOLIECCA FOPEHNSI TIOAMAMCTIEPCHOTO MbIAEYTOALHOTO (hakeAa.
[Noka3zaHo, 4To HanbGOAbLLIEE BbIAGAEHWE TerAa M BPEAHbIX MPOAYKTOB
ropeHusi NPUXOANTCS Ha 00AACTb PACTIOAOXKEHUS FOPEAOUHbIX YCTPOWCTB,
rAe XMMMUECKMe peakumu HanboAaee MHTEHCUMBHbBI. [1peAcTaBAeHHble B
pabote rpamkm BbIpaXKaloT KaK KaueCTBeHHbIE, TaK U KOAUYECTBEHHbIe
A@HHbIE MCCAEAYEMbIX XapPaKTEPUCTUK.

KAloueBble CAOBa: TENAOMACCONEPeHOC, Kamepa CropaHus, KOTeA
[1K-39, noAMAMCHEPCHbIN (PakeA, OKCUMADBI YTAEPOAQ, OKCUADBI a30Ta, Ter-
AOBbIE€ XapaKTepPUCTUKM.

The present paper presents the results of computational experiments
for burning low-grade Kazakhstan coal on the basis of three-dimensional
equations of convective heat and mass transfer in reacting flows. An object
of research is combustion chamber of the real boiler, which is located on
the Aksu TPP, Kazakhstan. We investigated the thermal and concentration
characteristics of the combustion process of polydisperse pulverized coal.
Maximum values of chemical energy and harmful combustion products
are in the region of burners’ location, where chemical reactions are most
intense. Presented in this paper graphs express both qualitative and quan-
titative data of investigated characteristics.

Key words: heat and mass transfer, combustion chamber, steam boiler
PK39, polydisperse torch, carbon oxides, nitrogen oxides, thermal charac-
teristics.

MakaAaaa YLWOALLIEMAT DCEPAECETIH arbiCTapAaFbl KbIAY- XKOHEe Mac-
CaaAMacy TEHAEYAEpiHiH Lewwimi Heri3iHAe Ka3aKCTaHAbIK, TOMEHTi Cy-
PbINTbl  KOMIPAI JKaFyAbIH €CenTeyilll JKCNepUMEeHTIHIH  HaTUXKeAepi
YCbIHbIAFaH. 3epTTey HbiCaHbl PETIHAE AKCY JKbIAY IAEKTP CTAHLMSICbIHAQ
OpHaAacKaH HaKTbl KA3aHHbIH OTTHIK Kamepacbl TaHAaAraH. [loAnamnc-
NepcTi WaH-KOMIpAi GOAWEKTEP aFblHbIHbIH JKaHybl Ke3iHae GoAaTtbiH
XKbIAY JKOHE KOHLIEHTPALMSAbIK CUMaTTaMaAapbl 3epTTeAiHAi. XKany 6a-
PbICbIHAA XKbIAYAbIH KOHE 3USIHAbI OHIMAEPAIH €H YAKEH MOHI KaHapFbl
KYPbIAFbICHI OPHAAACKaH aiMakka COKEC KeAeTiHAr kopceTiaai. bya
KYMbICTA YCbIHbIAFaH rpachuKanbik GeiHeAep 3epTTeAreH MOCEeAeHiH
CaraAblK, )KoHEe CaHABIK, MOAIMETTEPIH aAyFa MYMKIHAIK Gepeai.

Tyiin ce3aep: XKblAy XoHe Macca aamacy, xaHy kamepacsi, MK-39
KasaHbl, MOAMAMCIIEPCTIK WaH-KeMip GOALLEKTepi, a30T XoHe Komipreri
TOTBIKTapbl, XXbIAY CUMATTaMaAapbl
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Beeenne

CymecTBeHHBIH HHTEPEC B 00IACTH TEIUIOIHEPTETHKH 110 CHU-
HKCHHIO BPE/IHOTO aHTPONOICHHOTO BO3/ICHCTBUS HA OKPYIKAKOILYIO
cpejly NpeACTaBisioT (PyHaMECHTAIBHBIC HCCIIC0BAHUs B 001aCTH
ropeHus, paspaboTka U COBEPIICHCTBOBAHNE CYIICCTBYIONIMX TEX-
HOJIOTHYECKHX MPOIECCOB MO YJIYYIICHHIO MPOLECCOB CHKUIAHUS
HU3KOCOPTHBIX TBEP/BIX TOIUIMB M NPUMCHCHHIO aIBTCPHATHBHBIX
BHJIOB TOILIMB. DTO MO3BOJUT 0OECIICYNTH CHUKCHHE BHIOPOCOB B
armMoc(epy 3arpsA3HAIONIMX BEHICCTB U OAHOBPEMEHHO YIy4YIIUThH
oCHOBHBIC nokaszaresan TOIL,

Ha ceropusmmnii nens B Kaszaxcrane okono 85% anexrposnep-
IMH BbIPabaTBIBACTCS HA TEIJIOBBIX EKTPOCTAHIMAX, OCHOBHBIM
TOI-JIMBOM KOTOPBIX siBJIsieTCs yroib. bonee 80% yrs, cxuraemo-
ro na stux TOC, sBnseTcs HU3KOCOPTHBIM BBICOKO30JIBHBIM Yr-
nem. Ha muorux TOI] Ka3saxcrana ncnons3syercs 5knbacTy3ckuii
yrojib, 30JIbHOCTL KOoTOporo cocrasisier 6onee 40%. Cxuranue
TaKOro yrjis MPUBOJMT K BOZHHKHOBEHHIO NMPOOJIEM 1UIAKOBAHMS,
HEYCTOHYMBOIO rOpeHUss U HEOOXOMMOCTH CHUKEHUS 00pa3zyio-
IMXCA B PE3YJbTATEC BPCJAHBIX MBUICTA30BbIX MPOAYKTOB TO-
penus [1].

B CBsA3M C BBINICTICPCUNCIICHHBIM, JUIS HCCIICJOBAHMI TCUCHMI
XMMHYECKH PEarupyIonmx Cpe/i HCroJb3yOTCH METO/IbI YHCICHHOTO
MOJICJIMPOBAHMs. DTOT NOJXOJ B HACTOAICC BPEMS HHTCHCHBHO
Pa3BMBACTCSl BO MHOIHX CTPAHAX: CTPOATCS YCOBEPILICHCTBOBAHHBIC
MOJIC/IH, KOHCTPYMPYIOTCSl HOBBIC YHCIICHHBIC AJITOPHTMBI, MPO-
BOJIATCA Pa3sHOOOPa3’HbIC BBIYMCIMTCIBHBIC SKCHCPUMEHTHI [2-3].
YucnenHoe MOJICIIMPOBAHKE TIO3BOJISCT C JJOCTATOYHON TOYHOCTHIO
BBIYUC/IATH KAYCCTBEHHBIC M KOJIMYCCTBCHHBIC JAHHBIC CIOKHBIX
XHMHYECKH PEarupylolux cpejl, a TaKkKe MPOrHO3MpOBATh MOBE-
JICHHE CHUCTECMbI NPU M3MCHCHMM KOHCTPYKIMOHHBIX M TEXHOJIO-
I'MYCCKHX XapaKTEPUCTHK MPH CHKUIAHHH TOILIUB,

Ha ocHoBe pemieHusi TpeXMEpHBIX YPaBHCHHH TEIIOMAccore-
PEHOCA B pearupyromux TCHCHUAX ObUIN MOIYYCHBI 11015 TCIIOBBIX
(T, Q) ¥ xoruenTpaunonnsix (CO, CO,, NO) xapakrepucTuk
NpOLIECCa FOPEHHs TIPH CHKMIAHUH TIOJMIUCIICPCHOTO TIBLICYTOIb-
HOrO (haKena B TONOYHOH KaMepe peaibHOro YHEPreTHYECKOrO KOT-
na Kazaxcrana.
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3D-Mo/1eIMPOBaHKE TPOIIECCOB TOPEHHUS MOMTHIHCIICPCHOTO MbLICYTONBHOTO (hakena ...

®du3nyecKasi MIOCTAHOBKA 3a/1a4H 0 TOPEHUH
HOJIHHCIIEPCHOTO NMBLIEYT0JIbHOTO TOIIHBA

B kauectBe oObeKTa uccaeaoBanuii ObL1 BEIOpaH
peainbHbIi MPOMbIIUICHHBIN napoBoi koren [TK-39,
ycraHoBieHHbIH Ha Akcyiickoi TOC ¢ pasmepamu
7,762 m * 10,76 m *29,985 m. Kamepa cropanus
KOT/Ia OCHaIeHa |2 BUXPEBBIMH IbLICYTOJILHBIMH
ropeikaMH, pacrookKEeHHBIMH Ha 2 sipycax. OCHOB-
HOMH BHJ| KaMephbl U pa3OMBKa €ro Ha KOHTPOJIbHbBIC
00BbEMBI TIPE/ICTABIICH HA PUCYHKE 1.
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Pucynok 1 - O6mwmii Buz1 kameps! cropanus koria [TK-39 n
pa3OMBKa €ro Ha KOHTPOJIBHBIC 0OBEMbI

OHEM U3 CrocoO0B yueTa MOIUIUCIIEPCHOCTH
CKHTaeMOM IBUTH B BBIYHCIIUTEITbHBIX
IKCTICPUMEHTAX SIBIISICTCS PA3/ICIICHUC HAa HECKOJIBKO
¢Gpakumii ¢ COOTBETCTBYIOIMMH JHAMETPAMH
yroibHbIX 4actuil [4].B  panHOM pabore Obu1
BBIOPAHO CIICYIONICE PACTIPEACICHHE YaCTHIL:
dp=10 MKM — 10%; dp=30 MKM — 20%; dp=60 MKM —
40%:; dp=100 MKM — 20%; dp=]20 MkM — 10%, uto
COOTBETCTBYET PEaibHOMY MPOLECCY TOPCHUS YITIst
na TOC.

Pesynbmamut bluucaumensubix JKCnepuMeHmos

Ha pucynkax 2-6 mpejacraBieHbl pe3ysbTaThl
BBIYMCIIUTENBHBIX JKcriepumeHToB. Ha pucynke
2 u300paXeHO pacHpe/ieicCHHE TEeMIeparyphl

MO BBICOTC TOMOYHON Kamepbl. Kax MOXHO
3aMCTHTh MMHHMMYMbI TEMIEpaTyp MpPUXOIAATCS
Ha 00JIaCTh PACIIONOKCHUS TOPEJIOK. DTO CBA3AHO
C OTHOCHTEJIBHO HU3KOH TeMIeparypoi mnojaauu
nbuieyroabHoro tormmea (150 °C). [lanee nabmo-
JIaeTCs POCT TEMIEPATyphbl 32 CYET MHTEHCHUBHO-
r0 MPOXOXKACHUS XUMHYCCKHX PCAKIMi rOpeHHMs.
[To Mepe NpOJABMIKCHUS K BBIXOJY TEMIIEpaTypHOE
MOJIC BBHIPABHHBACTCS M HA BBIXOJAC M3 TONOYHOM
KaMepbl MUMEEM CpE/IHEC 3HAYCHHUE TEMIIEpPaTyphl,
paBHoe 1202 °C. 3zech e HaHECEHbI PE3yJIbTaThl
HATypHOTO JKCIIepuMeHTa [5-6].

Ha pucynke 3 mpeicTaBieHO pacripe/ieicHue
XHMHYECKOH dHepruu Q, . BBIACISEMOH B IpO-
1IECCEe TOPEHHs MBUICYTOILHOTO TOILUIMBA 110 BBICO-
TE KaMephbl cropanus. MakcuMasibHOE KOJIMYECTBO
TEIUIa BBIJACIACTCS B 00IaCTH PacIONOKEHHs rope-
JIOK, HCIMOCPEJACTBEHHO TaM, IJI¢ POMCXOJHUT CMC-
IICHUE TOIJIMBA U OKUCIHMTEIS, U XHMHUYCCKHE pe-
akuuu Hanbolsice MHTCHCHBHBL. [Ipuyem, B obnactn
PAacCIONIOKCHHSI BEPXHEIO sIPyca ropesioK 3HAUCHUS
XUMHYECKOH OHEPrHM 3HAYUTEJILHO BbILIE, 4YEM
3HAYCHHs HWWKHEro spyca, 4YTO COOTBETCTBYET

NOBBILICHAID ~ TEMIICPATypbl  BEPXHEro  sipyca
TOpEJIOK.
Ha Bbixose TOMOYHOW  Kamepsl  TEILIO

NPAKTHYECKH HE BBIICISICTCS, TAaK Kak M0 Mepe
NpUOMIKCHHS K BBIXOJY XHMMHMYECKHE pPCaKIMH
TOIUIMBA M OKHCIMTEI MAYT C MHHHMAlbHON
HUHTCHCUBHOCTBIO.

OnTUMalibHbIA  BapHaHT CHKUTAHMS TOILUIMBA
B Kamepe Cropanus 0O0€CreyMBacT  IOJIHOE
BBIZICJICHHC TEIUIOTHI CrOpPAaHMs M YMCHBILACT
MOTEPH, BbI3BAHHBIC HETIOIHBIM CTOPAHUEM TOIIMBA
1 N30BITOUYHBIMI 00BEMaMH BO3/1yXa.

KoHneHnTpannosssie nosst BPC/IHBIX
NBUICTa30BbIX IPOJYKTOB CrOpaHMsi IOKa3aHbl
Ha pucyHkax 4-6. OxHumun3 Haubosee BPEIHBIX
BCIIECTB, 3arps3HAIONMX aTMocdepy SBISIOTCS
okcujpl azota — NO, NO,, N,O,, N,O,, N,O,. Oxuc-
JIbl @30Ta MOMAAAIT B arMocdepy, KaK eCTCCTBCH-
HBIM 00pa3oM, Tak M B pe3yibTare JACATEIbHOCTH
yestoBeka. OCHOBHBIMH HCTOUHHMKAMH 3arpsi3HCHHUH
arMocgepb okcriamu a3ora (0koi1o 40 %) ApasoTes
TEIJI0IEKTPOCTAHIIMH.

B Hacrosimee Bpemsi pa3ziMyaloT 3 TN
OKCHJIOB a30Ta: M3 a3oTa BO3ayXa o0pasyioTcs
TCPMHUYCCKHE (MEXaHH3M 3eib/IoBHYA) H ObICTPBIC
NO_ (mexannsm (DeHuMOpa); M3 CBS3aHHOTO C
OpraHuyecKoil Maccod aszora TormumBa  (yrs,
masyTa) obpasytorcs TommsHbie NO [7]. Kapru-
Ha pacnpe/e/IieH!si MAaKCHMAJIbHbIX, MUHUMAJIbHbIX
¥ cpennHux 3HaucHuii NO 1o Bcemy TONOYHOMY
NPOCTPAHCTBY mpejcraBicHa Ha pucynke 4. Kak

6 Becrank KasHY. Cepust dpusmueckas. Nel (52). 2015
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BHJIHO M3 TNpejcTaBieHHoro rpaduka nanbosee
MHTCHCHBHOC ra3oo0pasoBanue OCHOBHBIX
a30TOCO/CPIKAIIMX KOMIOHCHTOB [IPOMCXOAUT B
001aCTH pacrpoCTPaHeHMUs IIOTOKOB M3 TOPEJIOK, T.C.
TaM, IJI¢ B MAKCUMAJILBHOM 00BbEME TPUCYTCTBYIOT
TOIIMBO W OKHUCIMTECNb, YTO  COOTBETCTBYCT
peanbHOH KapTHHE MpOIECCa B KAMEPE CrOpaHHs.

[Tpu 5TOM XapakTep pacnpe/ieaCHUs KOHICHTPaIMii
B OTHUX IUIOCKOCTAX HEOJHO3HAYCH, YTO TIOBOPHT
0 CIIO)KHOM, HEIMHECHHOM XapakTepe rpoiecca
00pa30BaHKs YKa3aHHBIX BCLICCTB B 2TOH 001acTH.
CpeziHee 3Ha4CHHE KOHLICHTPAIlMH MOHOKCH/IA a30Ta
Ha BBIXOJIC U3 TOMOYHOTO MPOCTPAHCTBA COCTABJIACT
686,5 Mr/Hwm®.
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3D-mo1eIMpOBaHKE MPOIIECCOB TOPCHHS MONHIMCIICPCHOTO MBUICYTOMBHOTO (hakena ...
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Pucynox 4 — Pacnpesienienne konuentpanuu NO 1o BbICOTE B KaMepe CropaHus

Ha pucynke 5 mnpejcraBieHo pacripesieincHue
MHUHHUMAJIbHBIX, CPE/IHUX U MAKCUMAJIBHBIX B IOTIC-
peuHoM ceueHun koHuneHrpauuid CO 1no BbicoTe
Kamepsl cropanus. B obmactu pacrionoxenus ro-
PEJIOK MPOUCXOUT T10/1a4a MbUICYTONBHOM MbLIH C
ONpe/IENICHHON KOHIICHTpaMeH yIieposia, n Bo3/yXa,
COJICPIKAIIECIO ONpPE/ICICHHOE 3HAYCHUC OKUCH YT-
aepoza. B o1oit obnactH nmpoMCXOmsT OCHOBHBIC
pEaKIMu pearupoBaHus yriepoja ¢ oOpa3oBaHUEM
OKHCH YIJIEPO/Ia, O Y€M CBHJICTCILCTBYIOT MAaKCH-
MyMbI Ha KpHBBIX pacnipesencuus CO.

Ha pucynke 6 mnpeacraBieHO pacripejieiicHie
konuentpauu CO, mo BBICOTE KaMEphl CropaHus
C HAHCCCHHBIMH PE3YJILTATAMH HATYPHOIO JKCIIC-
pumenTa [5-6]. AHanu3 pUCYHKOB S 1 6 TIOKa3bIBaeT,
4TO KapTHHA pacripenencHus okucu yriepona CO
e coorserctyer nomo CO,, 4To roBoput 06 oT-
Jnuusix B npouecce obpasosanus CO, n CO. Ma
BHJIMM, YTO OCHOBHOE 00pa30BaHHUE TUOKCHA yIIIe-
poaa CO, npouCXOMT 110 MEpE y/1aICHUs OT LEHTpa
TOIKH, T.¢. 00JIACTH CTOJIKHOBCHHUSI CTPYH TOILIMBA
M OKHCIMTENS W3 npoTuBoropenok. Ha stom ocHo-
BaHUM MOXKHO CJICJIaTh BBIBOJL O TOM HTO, MPOLECC
00pa3oBaHHsl OKCHJIOB YIJIEpPO/ia 3aBUCUT HE TOJIb-
KO OT ABJICHHMH MEpPEHOCA, HO U OT KHHETHKH TPO-
necca.

BriBoa 0 TOM, 4TO yriepos MOXKET pearupoBarh
C KHCJIOPOJIOM Pa3HBIMHU CIIOCOOAMH, YPE3BBIYANHO
Ba)XKCH NPH NPOCKTHPOBAHHHU TOTIOYHBIX Kamep. Bee

TEXHOJIO0ruM, npumensiemsie Ha TOL] npu cxuranus
yIIs J0JKHBI 00CCICUHBATh TOTHOE CMCIIHBAHHC
TOTIMBA C KMCJIOPOIOM JIO TIOJIHOTO CrOpaHust ¢ 00-
paszosanuem CO,, a ne CO. Mnaue TernoBblIeCHAE
PE3KO CHU3UTCS, NOCKOJIbKY 1pu obpasoBanun CO
BbIIENsIeTCs JMIb 28% TO DHEPruu, KOTOpas Bbl-
nensiercs ipu obpasosanuu CO,.

Ha BbIX0z1€ M3 TOIOYHOTO MPOCTPAHCTBA CPEI-
HEE 3HAYCHHC KOHLICHTPALMK YrapHOro rasa B 6e3-
pasmepHoM Bujie coctasisier 1,97*10 kr/kr, a KoH-
HeHTpanms yriekucioro rasa — 0,197 kr/kr.

3akmouenne

Bbun TPOBEACHBI BBIYHUCIHUTEIBHBIC IKCIICPH-
MEHTBI 10 MOJICIMPOBAHMIO MPOLIECCOB TEILIOMAC-
conepeHoca IMpu ropeHUH MbUICYTOIbHOIO TOIINBA
B TonouHoi kamepe komia [TK-39 Axcyiickoii TOC.
B pabore npejcraBiacHbl TEIIOBbIC M KOHICHTPA-
IIMOHHBIC XapAKTEPUCTHKM IPOLECCa TOPEHHs T10-
JIMIUCTICPCHOTO TBUICYTOJIBHOTO (hakena.

AHalu3 NOJYYCHHBIX JAHHBIX M0Ka3aJl, 4To Ha
BBIXOJIC M3 TOMOYHOH KaMepbl Cpe/HCE 3HA4YCHHUE
Temneparypsl coctasiser 1202 °C. MakcumanbHoe
KOJIMYECTBO TEIUIAa BBIJICIACTCS B 00JIACTH pacrio-
JIOXCHUSI TOPENIOK, HEMOCPEACTBCHHO TaMm, /¢
MPO-HUCXOAUT CMCUICHUC TOIUIMBA M OKHUCIIHMTEIIS.
HMeH-HOBATHX 001aCTAX HAaOIIOal0TCS MAKCHMAJTb-
HbIC 3HAYCHMS TAKMX MPOAYKTOB peakuuu, kak CO
n NO.

8 Becrhuk KasHY. Cepus ¢pusuueckas. Nel (52). 2015
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Pucynok 6 - Pacnpeienenne konnentpauun CO, 110 BHICOTE TONOYHOH Kamephbi

Takke ObUIM MOCYNTAHBI KOHICHTPALMK TbLjIe-
ra30BbIX MPOAYKTOB roperns. OcnoBHOE 0Opa3sopa-
Hue Jmokcuaa ymiepona CO, mpoucxoaut 1o
Mepe YAAJCHHs OT LCHTPA TOINKH, YTO CBS3aHO
¢ goropanvem CO. Ha Bbixose M3 TONOYHOTO
[POCTPAHCTBA CPE/IHEE 3HAYCHHE KOHIICHTpa-

ISSN 1563-034X

LMK yrapHoro raza B Oe3pasmMepHOM BHJAC CO-
crasusier 1,97*10* kr/kr, a KOHUCHTpaumus yr-
nekucnoro raza — 0,197 kr/kr. Cpeanee 3Hauye-
HHC KOHLICHTPAIMH MOHOKCHJA a30Ta Ha Bbl-
XO/Ic M3 TOMNOYHOIO MPOCTPAHCTBA COCTABIACT
686,5 mr/Hm®,
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