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BoxoTpyOHO-IbIMOTAPHBIH KOTEJI:
YHCJI0BOE KOMIILIOTEPHOE MOACJIUPOBAHUE
U IKCIIEPUMEHT
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© benopycckuil HallMOHANBHBINA TEXHUYECKUH yHUBepcuTeT, 2018
Belarusian National Technical University, 2018

Pedepar. PaccMOTpeHO yCOBEpIICHCTBOBAHHE TEXHOJOTHH HCIIOIb30BAHMS IIPUPOJHOTO Tasa
B BOJOIrpeHHBIX KoTnax. IlpennoskeHa KOHIENIUS HOBOTO BOJOTPYOHO-IBIMOTAPHOTO KOTIA,
CO3[JAHHOTO Ha OCHOBE Pa3MEILEHUs] B MPOCTPAHCTBE IMIMHIPUUECKOH >KapOBOH TPYOBI-TOIKH
9KPAHHOTO PaJANaIBHOTO TPYOHOTO Iydka. Pe3yiabTaThl YHCIOBOTO KOMITBIOTEPHOTO MOJEIHPOBa-
HUS TONOYHOTO IIPOIlecca BOAOTPYOHO-IBIMOTapHOTO KOTJIA TEIUIOBOH (MomHOcThI0 630 kBT
CPaBHUBAINCH C COOTBETCTBYIOLIMMH AAaHHBIMH, TOJYYEHHBIMH B XOJ€ SKCTEpUMEHTa. AHamu3
PE3yJIBTaTOB YHCIOBOIO KOMIBIOTEPHOTO MOJCIMPOBAHUA CBUIETENLCTBYET 00 3ddexTuBHOCTH
YCTaHOBJIEHHOTO TPyOHOTO pagHaibHOTO ITydKa: Ha 56 % yBETHUYHIOCH OOIIee TEIIOBOCIIPHATHE
TOTIKH, TPU 3TOM Ha 22 % BBIPOCIa YacTh TEIUIOTHI, HEPEAaHHOW KOHBEKTHBHBIM TEIJIO0OMEHOM;
CHHM3WICS YPOBEHb TEMIIEPATyphl B TOIIOYHOM IPOCTPAHCTBE, MU 3ToM Ha 45-51 % cokpartuiach
KOHIICHTPAIUsl OKCHIOB a30Ta. DKCIEPHMEHTAIBHO YCTAHOBJICHO, YTO HAIMYUE OXJIAXKIAEMOTO
9KPAHHOTO TPYOHOTO paJHaIbHOTO IMydYKa B TOIKE BOAOTPYOHO-ABIMOFApPHOTO KOTJIA MO3BOJIIET:
YBEIMYHUTh TEIUIOBOE HAIPSYKEHUE TOMOYHOro o0beMa Ha 10 %; coKkpaTUTh KOHLIEHTPALUIO OKCH-
JIOB a30Ta U MOHOOKCH/IA YIiepoJa B IbIMOBBIX Ta3ax Ha 24—40 % u Ha 25-67 % cOOTBETCTBEHHO,
IIPU 3TOM YPOBEHb BHIOPOCOB BpPEIHBIX BEIIECTB YHOBIETBOPSIET TPEOOBAHHSM HOPM YKpawWHBI
(I'OCT 30735-2001); cHu3uTh M30BITOK BO3MyXa B Tonke Ha 3 % u mossicuth KI1/] xotma Ha 0,5 %.
OmnbITHBIA 00pa3sen; BoJOrpeiHoro BogoTpyOHO-abiMorapHoro kotiaa (KBBJ/I-0,63 T'n) mporen
cepTH(UKAMOHHBIE MCIBITAaHNS, TOCYJAPCTBEHHYIO PETHCTPALMIO, NPHUHAT B MOCTOSHHYIO JKC-
ryaTanuio. KoTen mpocT B U3TOTOBIECHHH M MOXKET NPOHM3BOAUTHCS B YCIOBHUSX HPEANPHATHI
KOMMYHAJIbHBIX TEIUIOBBIX ceTel. Halle)KHOCTb KOHCTPYKIHH KOTJIa IOATBEPKAACTCA OIBITOM
MHOTOJIETHEH IKCILTyaTalliu.
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Watertube Smoke Tube Boiler:
Numerical Computer Simulation and Experiment

A. V. Kanygin"

DInstitute of Engineering Thermophysics of the National Academy of Sciences of Ukraine (Kyiv,
Ukraine)

Abstract. The improvement of natural gas use technologies in water-heating boilers is considered.
The concept of a new watertube smoke tube boiler, created on the basis of the screen radial tube
bundle placement in the space of a cylindrical heat pipe-furnace. The results of numerical compu-
ter simulation of the furnace process in the 630 kW watertube smoke tube boiler are compared
with the corresponding data obtained during the experiment. The analysis of the results of numeri-
cal computer simulation reveals the efficiency of the installed tube radial bundle: the total heat
perception in the furnace increased by 56 %, while the growth of the part of the heat transferred by
convective heat exchange occurred by 22 %; the temperature level in the furnace volume has de-
creased, while the concentration of nitrogen oxides has decreased by 45-51 %. It is experimentally
established that the presence of the cooled screen tube radial bundle in the furnace of the watertube
smoke tube boiler makes it possible: to increase heat release rate in the furnace volume by 10 %;
to reduce the concentration of nitrogen oxides and carbon monoxide in flue gases by 24-40 %
and 25-67 % respectively (resulting in a compliance of the level of pollutant emission to the require-
ments of the Ukrainian national regulations, viz. GOST 30735-2001); reduce the excess air in the fur-
nace by 3 % and increase the efficiency of the boiler by 0.5 %. The pre-production prototype of the
water-heating smoke tube boiler (KVVD-0.63 Gn) has passed the certification tests, state registration;
the boiler has been adopted in permanent operation. The boiler is not complicated in manufacturing,
and producible in the conditions of municipal heating network companies. The reliability of the boiler's
design has been confirmed by the experience of many years of functioning.

Keywords: gas combustion, diffusion combustion, firetube boiler, furnace configuration, NO,,
heat transfer, mathematical model
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BBenenne

OCHOBHBIM TOIIJIMBOM, IOTPEONIEMBIM TPEANPHUATHIMA KOMMYHAITbHOM
TEIIOIHEPTCTHKH, OBUT M ocTaeTcs ACHUIMTHBIA HpupomHbii ras. Cokparie-
HUE TOTPeOJICHMS ra3a, a TAK)KE YMEHBIICHUE BPEIHBIX BHIOPOCOB MpH padoTe
ra30MCIONB3YIONIEr0 KOTENBHOTO 000pYOBaHUS MPEIIPUSITHA KOMMYHAIHHOM
TEIUIORHEPTeTUKH TPEACTABISIFOTCS aKTyaldbHBIMU TpoOiieMamu. braromaps
BHEJIDCHUIO TEXHOJOTHH YTHJIM3AIUK TEIUIOTHl YXOJSIIUX ra3oB 3(deKTus-
HOCTb UCTIOJIb30BaHMsI TOTUTUBA B OTOMHUTEIBHBIX KOTIAaX MPAKTHYECKHU JIOCTHTIIA
cBoero MakcumyMa. [losTomy mepBoodepeHoM 3amadeii mpu paboTe KOTEIbHO-
ro o0OpyZOBaHUS CTAaHOBUTCS YMEHBIIICHHWE BPEIHBIX BBIOpOCOB. OHHM WH3
CrocOOOB COKpAIlleHHUsT BHIOPOCOB SBIISETCS W3MEHEHHE TEXHOJIOTHYECKOTO
nporiecca B TONKax. Pa3pabarkiBas HOBOEe O0OpYAOBaHHE, CIICIHATMCTHI BCE
Yale HUCIOIB3YIOT KOMIBIOTEPHOE MOJISIHPOBAHNE TEXHOJIOTHYECKUX IMPOIIEC-
COB CpC€aCTBaMuU BBIYHCIIUTEIILHOM Tra3oJMHaMHKH, 4TO IIOMOTaCT HCCJICA0BATh
JoKalbHBIE 3P (EKTHI, COMPOBOXKAIOIINE PAOOTY KOTIIOB.
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Huzkas cebecTonMoCTh M IpyrHe KadecTBa >XKapOTPYOHBIX KOTJIIOB CITOCOO-
CTBYIOT WX IIHPOKOMY PaCIpOCTPAHEHHIO HA MPEANPUATHSIX KOMMYHAIBLHOU
TEIUIOAHEPTeTUKH, T/i¢ OOJIBIIOE KOJIMYECTBO OTONMUTENBHBIX KOTJIOB €IUHHY-
HOM MomHOCTRIO 10 1 MBT (mx B Vkpamne HacuuthiBaeTcs Oonee 4000)
B 3HAYHTEIHHON Mepe oTpaboTtamu cBod pecypc. Iloaromy menpro wmcciemoBa-
HUH SBHJIOCH TIOBBIIICHUE TCXHUKO-3KOHOMHYECKHUX U SKOJOTHUCCKUX XapaKTe-
PUCTHK Ta30BBIX BOJOTPEWHBIX KOTJIOB, OCHAIEHHBIX XApOBBIMU TpyOaMu-
TOTIKaMH.

HNuTencudukanys KOHBEKTHBHOI0 TONOYHOI0 TeNJI000MeHAa
KaK MeToj moaaBJjieHusi GopMUPOBaHUsI OKCHIOB a30Ta B KOTJIaX.
Bonorpy0HO-ABIMOrapHbIi KOTEJI

B cnemumanpHON JTUTEpaType MOXKHO HAWTH OOIIMPHEIN MaTepual, Kacaro-
IIWICS Pa3IMIHBIX TEXHOJIOTHH ITOIaBIeHHs (POPMHUPOBAHUS OKCHIOB a30Ta MPH
C)KMTaHUM B KOTJaX ra30BOro ToIUIMBa. Kak mpaBuiio, MEpPOIIPHUSITUS TI0 CHUAXKE-
HUIO BBIOPOCOB BPEIHBIX BEIIECTB XKAPOTPYyOHBIMH KOTIAMH CBOIATCS K TEXHO-
JIOTHYECKMM MepaM, a MMEHHO K OpraHH3alul OCOOBIX PEKHUMOB TOPEHUS,
YMEHBIIAIOMNX 00pa30BaHie OKCHIOB a30Ta B KapOBBIX TpyOax-Tonkax. OaHoi
M3 TEXHOJIOTHH CHW)XEHHS BBIOPOCOB OKCHIIOB a30Ta SIBISIETCS YMEHBIIECHHE
TEeMIIepaTypbl TOMIOYHOHW CPElbl MyTeM WHTEHCHU(PHUKALWH TOMOYHOTO Terio00-
MeHa. V3MeHeHMsI TEXHOJIOHYECKOTo Mpoliecca B TOMKE 3a CUET BIUSIHUS Ha
JMYYUCTHIN TEII000MEH CBS3aHBI C TEXHOJOTHUYECKHMH CIOXKHOCTAMHU. bomee
MPOCTBIM TEXHUYCCKUM PCIICHUCM MPECACTABIIACTCIA I/IHTCHCI/I(I)I/IKaHI/Iﬂ KOHBCK-
TUBHOTI'O TGHHOO6MGH3, YTO MOXKET 6I)ITI) OCYIHICCTBJICHO 3a CYCT YBCIIMUCHHA
IUIOMIAA TOTIOYHBIX MOBEPXHOCTEW HarpeBa. Takas TEXHOIOTHS HCIOIb30Ba-
Jach KOTIIOCTPOUTENSIMH U paHee. Hampumep, aMepHKaHCKUMU CHEIAATUCTaAMU
B mateHTe [1] mpemoskeHa KOHCTPYKIIMS Ta30TrOpesIouHOTO YCTPONCTBA, OCHA-
IIEHHOTO IMIMHAPUYECKHM BOJOTPYOHBIM KOXYXOM. ['OpeHue MpOXOIUT BO
BHYTPEHHEH YacTH KOXKyXa, a TOpsiYue Tra3bl Iepe]| MomajaHueM B TOMOYHBIH
00bEeM TIOZBEPTAIOTCS OXJIAXKICHUIO B TpyOHOU cHCTeMe KOXKyxa. YTBepiKaaeT-
Csl, UTO TaKO€ TEXHUYECKOE PEIICHHE MOXKET yMEHbIIaTh KOHUeHTpauuio NO,
B TOMOYHBIX Tazax a0 19 ppm (3aeck u nanee konueHrpauuu NO, u CO npuse-
JeHbl K copepkannto O, B razax, paBHomy 3 %.). B [2] coobmiaercs o MoaepHu-
3alyu KapoBO# TPYOBI-TOMKH MyTEeM pa3MeIIeHHs B ee 00beMe METAIUTMYECKUX
U KEepaMUYeCKUX CTEpKHEH AJIsl OTBOJA YACTH BBIACNAIOLICHCS NMPU TOPEHUH
temnothl: MccnenoBanust mpoBoawinck B 'epmMannn. B ganHOM cityyae ynaBa-
J0Ch COKpaTuTh BHIOpochkl NO, nmpumepHo Ha 40 %. OTpunaTenbHBIMH CTOPO-
HAMU TaKOTO TEXHHYECKOTO PEIICHUS SBWIHCh YBEIWYCHHE XHUMHUYECKOTO
Hejokora u3-3a pocta BbiOpocoB CO, a Takke KOpOTKas paboyas KaMIlaHHS
CTEpIKHEH, pa3MeNIeHHBIX B TomKe. B o0miem e cirydae, 1o JaHHBIM aMepUKaH-
CKUX CHENHANNCTOB, cpenusist KoHneHTpauus NO, Al ra30BBIX >KapoTpyOHO-
JBIMOTApPHBIX KOTJIOB, HE OCHAIICHHBIX TEXHOJOTUSIMH CHUXCHHS BBIOPOCOB,
cocTaBisieT okoio 79 ppm [3].

CHmKeHHe BBIOPOCOB OKCHIIOB a30Ta 32 CYET MHTEHCU(UKANH KOHBEKTHB-
HOTO TOIOYHOTO TEIUIOOOMEHAa pPealn30BaHO B KOHCTPYKIIMH BOAOTPYOHO-
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JIBIMOTapHOTO KOTJa, pa3paboTaHHOTO MHCTUTYTOM TEXHUYECKOW TEIIO(MU3UKI
HAH VYxpaunbr (UTT® HAHY). Oco0eHHOCTBIO €r0 KOHCTPYKIIUU SIBISCTCS
HAIA4YMe OXJIKAAEMOTO TPYOHOTO IydYKa, pagualbHO Pa3MEMEHHOTO B IIPO-
CTPaHCTBE IWINHIPUICCKON kKapoBoil TpyOsI-Totiku (puc. 1). Hanuuue TpyOHO-
ro MydYKa OTJIUYAeT BOJOTPYOHO-IILIMOTAPHBINA KOTEI OT TUIIOBBIX KOHCTPYKITHI
KapOTPYyOHO-IBIMOTApPHBIX KOTJIOB, W300pakeHHBIX Ha puc. 2. O3HAKOMUTHCS
C ONKCAaHUEM KOHCTPYKIIMHM M TEXHUYCCKUMHU XapaKTCPUCTUKAMH BOIOTPYOHO-
JILIMOTApHOTO KOTJIa MOKHO B [4—6].
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Puc. 1. KoHCTpyKIIHS BOIOTPEHHOTO BOIOTPYOHO-ABIMOTapHOT0 KOTa: 1 — KopImyc;

2, 3 — mepenHss U 33AHAA TpYOHas ocka; 4 — xapoBas TpyOa; 5 — TpyOa SKpaHHOU CHCTEMBI;
6 —razoxox 2-ro xozaa; 7 — apIMorapHas TpyOa; 8, 9 — mepeaHss v 3aAHAA KOJIbLeBast
TpyOHas nocka; 10, 11 — mepenHss u 3aaHAs KoJbLieBast BOAsSHAs kKamepa; 12 — aBepb KOTia
C TOBOPOTHOM KaMepoi; 13 — ropenodHoe ycTpoicTBo; 14 — npIMOBast KOpoOKa;

15, 16 — matpy6ox oOpaTHOMN M IPSIMOI CETEBOH BOJIBI

Fig. 1. Water-heating watertube smoke tube boiler design: 1 — outer shell;
2, 3 — fore and rear tube plate; 4 — fire tube; 5 — screen system tube; 6 — second flue gas passage;
7 — smoke tube; 8, 9 — fore and rear circular tube plate; 10, 11 — fore and rear circular water
chamber; 12 — boiler door with flue gas reversing chamber; 13 — burner; 14 — flue gas outlet;
15, 16 — water inlet and water outlet

—] |- —1ll -
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Puc. 2. TunoBbIe KOHCTPYKIMH T'a30BBIX BOJOTPEHHBIX KapOTPYOHO-IBIMOTAPHBIX KOTJIOB,
OCHAIIICHHBIX TONKAMH C TPAH3UTHBIM JIBIIKCHHEM MPOAYKTOB CTOPAHUS:
a — C aKCHAJIbHBIM BBIXOJI0OM; b — C OOKOBBIM BBIXOJI0M

Fig. 2. Standard design of gas-fired water-heating firetube smoke tube boilers equipped
with transit flue gas passage furnaces: a — with axial outlet; b — with side outlet

OI_ICHKa 3(1)(1)6KTI/IBHOCTI/I MNPUHATBIX TCXHUYCCKUX peIHeHI/Iﬁ nmpoBoaWIaCh
C IIOMOUIIBKO KOMIIBFOTEPHOI'O MOJACIINPOBAHUA U OKCIIEPUMEHTA.
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YucioBoe KOMIILIOTEPHOC MOACTUPOBAHUEC TOIIOYHOI'0
nmpomecca BO).IOprﬁHO-Ilb]MOFapHOFO KOTJ/Ia

st co3maHusl pacueTHBIX MOJEJIEH HMCIOIb30BaJIOCh TPEXMEPHOE MOJAEIH-
poBaHMe B yHuUBepcanbHOM IporpamMmmHoM kKomruiekce ANSYS FLUENT. Ilpo-
[IECCBhI TOPEHMSI Ta30BOM CMECH U TEII00OMEHa, KOTOpPBIE NMEIOT MECTO B JKapo-
BBIX TpyOax-Tomnkax, onuckiBaroTcss B ANSYS FLUENT ¢ momMompio THIIOBBIX
Mozenei. CornmacHo ykazaHusM [7], co3maHue KOMITBIOTEPHOW MOJENH TOIOY-
HBIX KaMep B IPOTPAaMMHOM KOMIUIEKCE HAUMHACTCS C OMPE/ICICHHS THIIA Tope-
Husi. MoJienupoBaHue Mpolecca TOPSHHUs W TEIUIO0OMEHA B KapOBBIX TPyOax-
TOTIKaX TPOBOJIUTCS C MCIIOJIb30BAHUEM OIMIIMU TOPEHUs 03 MpeaBapuTENbHOTO
cmemmuBanusg (Non-Premixed Combustion) [8], 9T0 maeT BO3MOKHOCTh MOZCITH-
poBath muhPpy3rnoHHOE TOPEHUE, UMEIOIIEee MECTO B JKapOBBIX TPyOax-TomKax,
OCHAII[CHHBIX OJIOYHBIMH BEHTHJIATOPHBIMU TopenkaMu. OCHOBOW TaKOU OTIIHH
TOPECHHUS SBJISICTCS TOJIOKCHHE O MOMEHTAIILHOM TEPMOXUMHUECKOM COCTOSHUH
TOTIOYHON Cpenbl, KOTOpOe NPH YIPOIIEHWH MOKET OBITh IMPEACTaBICHO Kak
MMOCTOSTHHOE CKaJISIPHOE KOJIMYECTBO, HAa3bIBAEMOE CMeEChIO (hpakmuii (mixtu-
re fraction). Pacuer momeneil TOMOK BBHITONHSIICS COTIACHO PEKOMEHIAIHSIM
pazzaena Using the Non-Premixed Combustion Model [7]. Maremaruueckue mMo-
JIeJ, TIPUMEHSEMBbIC NI MOJSIUPOBaHUs TU((Y3UOHHOTO TOPCHUS B Kapo-
BBIX TpyOax-romkax mpu ucrnoib3oBanud ANSYS FLUENT, crammapTHBI U CO-
CTOST U3:

— ypaBHEHUS HEPa3PBHIBHOCTH;

— YpaBHEHUSI COXPAHCHHS KOJIMYECTBA JIBIDKEHUS C TCH30POM HAIPSDKCHUS
Pefinonpzca, 3aMKHYTOM Ha k—&-MOJIeH TypOYIeHTHOCTH;

— MOJIETT TOPEHHUS C EAMHCTBEHHBIM IMOCTOSHHBIM CKAJISIPHBIM KOJIMYe-
CTBOM, KOTOPOE HAa3bIBAETCSl «CMeCh (paKLUi» M ONHCHIBACTCS Yepe3 aTOMHOE
MaccoBO€ OTHOCHUTEIBHOE KOJIUYECTBO;

— YpaBHEHUS] MaTepHabHOTO OOMEHa W 3aKOHa JIEHCTBYIONIMX Macc, TIe
o01iee KOMWYIECTBO CPOPMHUPOBABIIEHCS KOMIIOHCHTH B €IWHUIC O00beMa M
MacCOBBIH MOJIEKYJISIPHBIN MOTOK 3aMKHYTHI HA MOZEITH TOPEHUS;

— IUCKPETHO-OPIMHATHON MOJAEIH JTy4rcToro terooomena DO;

— OIIPENICNICHNUsT OCHOBHBIX - TCTUIOPU3UYCCKUX XaPAKTEPUCTHK  (TEIIo-
MPOBOJHOCTH, BSI3KOCTH, TEIJIOEMKOCTH) Kak (YHKIHMN TeMIlepaTyphl, a Tak-
e OmpeJeNleHus] MIOTHOCTH Ta30BOM Cpelbl M0 3aKOHY WAEATBHOTO Tas3a Ui
CMecH.

['panuyHbIC YCIIOBUS MOACITUPOBAHUS CXEMATHYHO TMOKa3aHbI HA PUC. 3 U B
001I1eM Ccliyyae OnpeelsINCh JaHHBIMU, BXOISAIIUMH B TETUIOBBIC PACUYETHI TO-
moK. OCHOBHBIE YTIPOIIEHHS, TPUHATHIE TIPH TOCTPOSHUH MOJIENEeN TOTOK, CO-
CTOSUTH B CIIEMYIOIIEM:

— TeMIepaTypa TONOYHBIX TOBEPXHOCTEH HarpeBa MPHUHATA IOCTOSIHHOM, YTO
JIOITyCTUMO JIJIsl BOAOTPEUHOT0 KOTIa;

— TeYeHHE AYTHEBOTO BO3AyXa Uepe3 TypOyNM3alMOHHBIA JUCK TOPEIKU He
MOJIETTMPOBAIIOCH, & TypOyIH3alys TTOTOKA 33 IUCKOM 33/1aBajach 4epe3 OMIIHIO
CTeneHH TypOyIeHTHOCTH.

MopenupoBanue obpazoBaHus BeIOpocoB NO, B MpOrpaMMHOM KOMILIEKCE
ANSYS FLUENT mpoBOIUTCS C TTOMOIIBIO MOZEIICH, KOTOPhIe YUHUTHIBAIOT Ya-
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ctruyHoe copepkanne NO, B TbIMOBBIX Ta3ax (rate models). Ilockonbky ropenue
MPUPOJTHOTO Tra3a B TOMKE KOTJIA COMPOBOXKIAETCS (POPMHUPOBAHUEM TJIABHBIM
00pa3oM «TEPMHUYECKUX» M «OBICTPBIX» OKCHIOB a30Ta, TO B MOJEIMPOBAHHUH
UCIIOJIb30BAINCh UIMEHHO 3TH omuuu. OmnpenencHue KOHIEHTPAUK paJuKalioB
kucnopona ([O] Mode) nmpoBOaWIIOCH ¢ TTOMOIIBID METOAA IOJIYPAaBHOBECHBIX
koHneHTparuii (Partial Equilibrium Approach). JlaHHBIH MeTOI HaXOMICHHS
KOHIICHTPAIMK PAJAUKAIOB KHCIOPOJAa MOKa3asl JyYIIyl0 CXOAUMOCTb MOJEIb-
HBIX KOJIMYECTBEHHBIX Mokazareneld NO, ¢ SKCHepHUMEHTaIbHBIMH JaHHBIMH.
Onpe/eneHre KOHIEHTpalMi ruapokcuibHoro paaukaia ([OH] Mode) Ha oc-
HOBaHUM PEKOMEHIAIMi [8] Takke BEJIOCh MO METOLY NMOJIYPaBHOBECHBIX KOH-
IeHTpani. XapakTepHOH O0COOCHHOCTBIO MpOrpaMMHOro Komiuiekca ANSYS
FLUENT sBusteTcst TO, 9TO pa3pabOTINKH pacCMaTPUBAIOT MOJICITUPOBAHHUE 00-
pasoBanusit NO, B KauecTBE BCIOMOTATEIbHOTO CpPEACTBA ISl OTCIEKHBAHUS
TEHACHINNA W3MEHeHHWs KommdecTBa oOpazoBaBmmxcs NO, mpu H3MEHEHUH
YCIIOBHI TEXHOJIOTUYECKOTO Tporecca. TouyHOe KOJMYECTBEHHOE OTpeielieHe
KoH1eHTpau NO, Ipy MOJENHPOBAHUHN HE rapaHThpyercs [8].

TemnepaTypa noBepXHOCTEH
Harpesa MocTosHHas (¢, = const)

OTCyTCTBHE TEIUIOBOTO IOTOKA Yepe3
TEIJIOM30JINPOBAHHYIO CTEHKY (¢, = 0)

Pacxon nyteeBoro Bozayxa Gy, M /a

TemnepaTypa 1yTh€BOTO
BO3IyXa ty, °C

|
o

Pacxon TomuBa Bp, M /4

Temnepatypa Tomnusa f,,, °C

Cocras tormuBa: CH,, C,Hg, C3Hg,
C4Hyp, COy, Ny, 02, %

Puc. 3./Onncanue rpaHUYHBIX yCIOBUI KOMIBIOTEPHOTO MOJAEIHPOBAHUS MPOLECCa TEII00OMEHa
B )KapoBBIX TpyOax-tonkax B koMmiuiekce ANSYS FLUENT

Fig. 3. ANSYS FLUENT software boundary conditions for computer simulation
of firetube furnace heat transfer

Pa3paboTka Moien TOMOYHOTO YCTPOMCTBA BOAOTPYOHO-IBIMOTapHOTO KOT-
7a TerioBod MomrHocThI0 630 kBT ms cpaBHeHus jomnosiHeHa 0a30H, co3laH-
HOW aBTOPOM Ha OCHOBE TOIOK >XKapOTPYOHO-ILIMOTAPHBIX KOTJIOB THIIOBBIX
KOHCTPYKIMH (TIPUBEACHHBIX Ha PHC. 2), SKBUBAJIEHTHBIX IT0 MOITHOCTH H YCJIO-
BUSIM pabOThI ropesiok. MoienupoBaHue TeriooOMeHa HyKIaeTcs B BepU]UKa-
MU BBIOPAHHBIX OMIMKA W MaTeMaTHueckux mozeineil. [loaromy paborta mpo-
BOAMJIACh B JBa dTama. BHawame pemanoch TECTOBOE 3aJaHHE MOJACITHPOBAHUS
TOMOYHOI'O TEIJIOOOMEHA Ha MPHMEPE XKapoBOW TPYOBI-TONKU KoTia Johnston
125HP TennoBoit MmomuOocTRIO 1,25 MBT. Ha BTOpOM 3Tame co3naBaiuch Mo/ie-
JM OCTaNBHBIX TOTMOK. Cpeay MONyYeHHBIX JaHHBIX oOpaimaer Ha ceOs BHUMa-
Hue cienyromiee. [Ipyu pemeHur TECTOBOrO 3a/laHusl 3HAYCHHS TEMIICPaTyphl,
MTOJTy9eHHBIC /ISl PA3HBIX BAPUAHTOB MOJIEIMPOBAHMS, CPAaBHUBAIIMCH CO 3HAUe-
HUSIMH, TIOJTYYCHHBIMH BO BpeMsI SKCIIEPUMEHTa B CXOIHBIX TOYKAX TOIIOYHOTO
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obwema. Pesynbrarel Bepudukanuy npeactaBieHsl Ha puc. 4. JlaHasie Momemu-
pOBaHUs, KOTOPbIE WUMEIOT JIYUIIYI0 CXOJHUMOCTb C JKCIIEPUMEHTOM (MaKCH-
MaJIbHOE PacXOXKJICHHE C SKCIIEPUMEHTOM B TAKOM CiIydae He MpeBblmaio 8 %),
MOJYYEeHbl TPU HCIOIB30BAHUU JUCKPETHO-OPJIMHATHON MOJEIH JIY9UCTOTO
TEII00OMEHa C ONMCAHWEM KOHBEKTHBHOTO TEIIOOOMEHa CTaHIApTHOW Mpu-
CTeHHOW (YHKIHUEH Mpu MEepBOM pelIeHuH. PacxoxaeHne Mexay sKcrepuMeH-
TaJBbHBIMU JIAHHBIMHU U JJAHHBIMH MOJICTHPOBAHUS Ha BBIXOJIC U3 TONKH B TAKOM
cilydyae He npeblmano 1,5 %.
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OTHOCUTENBHOE PpacCToAHUE OT MECTa YCTAHOBKU I'OPECIKU L/dr

Puc. 4. Pe3ynbraTel MOJETHPOBaHUS TOMOYHOTO TETII000MEHA MPH PEMICHUH TECTOBOTO 331aHUs
B kommiekce ANSYS FLUENT na npumepe Tonku koria Johnston 125hp: —e— — skcriepiMenT;
—O— — mogens P-1; -- A-- — monens DO, cranmapTHast ¥ yBeIUIEHHAS TUCKPETH3AINS
pacdeTHBIX YTJIOB, IEPBOE pelleHue; - -A- - — mozensb DO, cranaapTHas JUCKPETU3alnsg
pacueTHBIX YTJIOB, BTOPOE pEIIEHHE

Fig. 4. Results of furnace heat exchange computer simulation in ANSYS FLUENT software
for the testing task solution on example of Johnston 125hp boiler's furnace: —e— — experiment;
—{1— — P-1 model; -- A-- — DO model, standard and increased discretization of the calculated

angles, the first decision; --A-- — DO model, standard and increased discretization
of the calculated angles, the second decision

MogenupoBaHue OCTalIbHBIX TOIIOK a0 CIeNyoLe pe3yabTaTel. MeroTces
OTJINYHUS A3POAWHAMUKU U TEIUIOOOMEHAa B TOIKE BOJOTPYOHO-ABIMOTapHOTO
KOTJIa B CPAaBHEHMH C JAPYTUMHA Tonkamu. MHTeHCHUKanms TemmooOMeHa B Te-
pUQEPHITHBIX 00JIACTSIX, BBI3bIBaEMas MOBEPXHOCTHIO OXJIAXKIAEMOT0 TPYyOHOTO
My4YKa, MPUBOAHUT K OBICTPOMY OXJIaXKICHUIO, YMEHBIICHHIO YAETHHOTO 00BbeMa
JBIMOBBIX TA30B M MX ABIKEHUIO K mepudepnu. Kak ciencrsue, ymMeHbIIAeTCs
00beM 30H PELUPKYISLIH, MPUMBIKAIOIIUMX K KOpHIO (akena. B Tomke Bomo-
TPYOHO-IBIMOTAPHOTO KOTJIA TTOSIBIISIETCS TOTIOTHUTENNbHAS 30Ha PELUPKYIISLHH,
KOTOpasi PacHoJIOKEeHa B MEPBOM YETBEPTH TOIOYHOTO O0BEMa M MPUMBIKAET K
cepenuHe daxena. Ilosns ckopocTu M TeMmmepaTypbl B LEHTPAIbHOM CEYEHUH
TOIOK NPHUBEIEHBI HA PHUC. 5.

[lone TemmepaTypsl TOIKK BOJOTPYOHO-ABIMOTApHOTO KOTJIA XapaKTepH3Y-
ercsi Ooylee paBHOMEPHBIM pacmpeneneHueM. YacTh TEIUIOTHI, KOTopas Iepe-
JAeTCsl KOHBEKIIMEH, B TEIUIOBOM OallaHCe TONKH BOJOTPYOHO-IBIMOTapHOTO
KOTJ/Ia, B CPAaBHCHHU C TOIIKAaMH KOTJIOB THIIOBBIX KOHCprKHHﬁ, yBEJIMYUIAaCh
10 43 % (410 MOKa3aHO Ha THCTOrpaMMe pHC. 6).
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CkopocTb, M/C Temneparypa, K

2.00e+02 5.00e+02 8.00e+02 1.10e+03 1.40e+03 170e+03 2106403 2.00e+0?2 5.00e+0? Bu0e+0?7 T10e+03

1.40e+03 1.70e+03 2.10e+03

Puc. 5. TTonst cKOPOCTH U TeMIEpaTypsl: 1, 2 — TONKa ¢ aKCHATBHBIM
1 OOKOBBIM BBIXOJJOM COOTBETCTBEHHO; 3 — TONKa BOAOTPYOHO-BIMOTapHOr0O KOTJIa

Fig. 5. Velocity and temperature patterns: 1, 2 — furnace with axial and side outlet respectively;
3 — watertube smoke tube boiler's furnace
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Puc. 6. Y IenbHBIA TEIIOBOW MTOTOK Ha TOMOYHBIX IIOBEPXHOCTSX: 1, 2 — TONKA C aKCHATTbHBIM
1 OOKOBBIM BBIXOZIOM COOTBETCTBEHHO; 3 — TOMKA BOJAOTPYOHO-HIMOTapHOTO KOTII,
B — o0l TemI0Boi MoToK; [ — paanalMoHHbIN TEIIOBO MOTOK

Fig. 6. Specific heat flux on furnace heating surface: 1, 2 — furnace with axial and side outlet
respectively; 3 — watertube smoke tube boiler's furnace; B — total heat flux; O — radiation heat flux

W3BecTHO, 4TO TeMmepaTypa MaccoBOro (DOPMHUPOBAHUS «TEPMHUYECKHX» OKCH-
noB azota npebiaeT 1800 K. CHmkeHue ypoBHs TeMIlEpaTyphl B TOIKE BOJIO-
TpyOHO-IIBIMOTapHOTO KOTJIa TOPMO3UT (hOpMHUpOBaHHE OKCUIIOB azoTa. [Iponmmio-
CTPHPOBAaTh HHTCHCHBHOCTH (DOPMUPOBAHUS «TEPMHUYECCKUX» OKCHJIOB a30Ta B Ka-
POBBIX TPyOaxX-TOMKAaX BO3MOXKHO ITyTEM BBIJICIICHUS] YaCTH TOIIOYHOTO 00BbEeMa, B
KoTopoM TemriepaTypa cpeabl npesbimaet 1800 K. ['paHuisr Takux 30H, MOTydeH-
HbIE IIPH PaboTe TOIKH Ha HOMMHAJIBHO Harpy3ke (pacxof rasa 72,4 HM /4), pesi-
CTaBJICHBI Ha puC. 7.
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1.80e+03

Temmnepatypa, K
Puc. 7. 30HBI BEICOKOH TEMITEpaTypHl B TONKAX: 1, 2 — TONKa C AKCHAIBHBIM
1 GOKOBBEIM BEIXOIOM COOTBETCTBEHHO; 3 — TOIKA BOAOTPYOHO-IBIMOrapHOTO KOT/Ia

Fig. 7. High temperature zones in the furnaces: 1, 2 — furnace with axial and side outlet respectively;
3 — watertube smoke tube boiler's furnace

AHanu3 NOKa3bIBaET, YTO B TONKE BOJOTPYOHO-ABIMOTapHOTO KOTJIAa 30HA
(bopMupPOBaHKS OKCHAOB a30Ta JOKAJIN30BaHa BO (PPOHTAILHOM YacTH TOIIOYHO-
ro ooseMma. Ilepexon BogoTpyOHO-IBIMOIapHOrO KOTJIA HA pabOTy MpU YacTUY-
HOIl Harpy3ke (Pacxof ra3a 51,5 HM’/a) XapaKTepU3YeTCs yMEHBIICHHEM Pa3Me-
POB 30H PEIMPKYJISAIMN TOMOYHBIX Ta30B (puc. 8). OnHaKo mepepacipeneieHne
CKOPOCTH TMPAKTHYECKH HE BIMACT Ha O00pa3oBaHHE OKCHUAOB a30Ta, 4YTO IMOJI-
TBEPAMIOCH Pe3yJIbTaTaMH YKCIICPUMEHTA.

Pacxox rasa 72,4 um’/u Pacxox rasa 47,8 um’/a

CKOpOCTb, M/C 1
000600 150ev00  @00e+00 450600 6.00e<00  7.50e+D0  8.00er00

Temneparypa, K 2

2.00e+02 5.00e+02 8.00e+02 1.10e+03 1.40e+03 1.70e+03 2.10e+03

Puc. 8. AspoarHaMuka 1 TEMIIEPATYPHBIA PEXKUM TOIKU BOAOTPYOHO-ABIMOTaPHOTO KOTIIA
Ipu paboTe Ha pa3HBIX HAarpys3Kkax: 1, 2 — Iojie CKOPOCTH ¥ TEMIIEPaTyphl COOTBETCTBEHHO

Fig. 8. Aerodynamics and thermal condition of watertube smoke tube boiler's furnace functioning
at variation in load: 1, 2 — velocity pattern and temperature pattern respectively
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3KCHepI/IMeHTaJI]>HI)Ie HCCIIeA0BAHUA BOI[OprﬁHO-I[])IMOFapHOFO KOTJIa

DKCIIeprUMEeHTAIbHAS YCTaHOBKA Ha 0a3e OMBITHOTO 00pasiia BOAOTPYOHO-
JBIMOTapHOTO KOTia TernoBoi MomHocteio 630 kBt (KBB-0,63 I'n) Obuia
OCHAIllEHa X CMOHTHpOBaHa B T. KueBe B MOMEUIEHHWH PaillOHHOW KOTEILHOM.
Cxema cpecTB U3MEpEHNs ITOH YCTaHOBKH IIpE/ICTaBIeHa Ha puc. 9.
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Puc. 9. Cxema u3mMepeHUil IPOMBIIIICHHO-3KCICPUMEHTAIBHOM
yCTaHOBKHM Ha 6a3e BogoTpyOHO-apIMOrapHoro kormita KBBJI-0,63 T'a: 1 — xoten;
2 — rOopesioyHOe YCTPOUCTBO; 3 — OJIOK 3JEKTPOHHOM KOTJIOBOM aBTOMATHKHY;
4 — KOMOMHMPOBAHHBIN I'a30BBIH OJI0K; 5 — HACOC TEIUIOCETH; 6 — CYETYHUK BOBI TEIUIOCETH;
7, 8 — maBieHNe BOJBI M TeMIIEpaTypa BObI Ha BXoJe B Koten; 9, 10 — remnepaTypa BoIbI
U JIaBJIEHUE BOJBI Ha BBIXO/€ U3 KOTJNA; 11 — naBneHue ra3a nepej cueTuukoM; 12 — remreparypa
raza; 13 — cueTumk rasa; 14, 15 — naBieHue rasza nepej ra30BbIM OJIOKOM U TIepe]] TOPEIOIHBIM
yCTpoiicTBOM; 16 — naBieHue AbIMOBBIX T'a30B B TOIKE; 17 — razoananusarop

Fig. 9. The scheme of arrangement of measuring instruments of the experimental industrial
unit based on watertube smoke tube pre-production prototype of the KVVD-0.63 Gn boiler:
1 — boiler; 2 — burner; 3 — boiler automated processor; 4 — gas pressure regulator;

5 — circulating pump; 6 — net flow meter; 7, 8 — water inlet pressure and water inlet temperature;
9, 10 — water outlet temperature and water outlet pressure; 11 — gas flow meter inlet pressure;
12 — gas temperature; 13 — gas flow meter; 14, 15 — gas regulator inlet pressure
and burner inlet pressure; 16 — flue gas pressure in furnace; 17 — flue gas analyser

OcHalleHue BBITIOJHEHO COTJIACHO OOIEe MEeTONMUKE MPOBEACHUS WUCTIBITA-
Hull koTtenbHOro obopynoBanus [9, 10]. IIporpammoii 3kcnepuMeHTa mpeay-
CMaTpPUBAaJIOCh MCCIIECO0BaHNE PabOTHI KOTJIA HA YaCTUYHOUW Harpyske (1-s cry-
TIeHb TOPEHMs), a Takke (POPCHUPOBAHHE PEXKUMA C JOCTHIKCHHEM MaKCHMallb-
HOW Harpy3kd Ha 2-i CTyIeHH ropeHus. | openodnoe yCTpOMCTBO BKITIOYAIOCH
B paboTy, yaepKuBaiio (akel, ¥ KOTeN CTa0MIBHO padoTal Ha 00X CTYIEHSX
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ropeHus. JlocTmKeHne MaKCUMaJIbHOM HAarpy3ku HE NMPHUBOJHMIO K BBIXOIY pe-
’KMMHBIX TTapaMeTPOB 3a JOIYCTHMBIE TPENesbl, a OrPaHUYNBAIOCH TEXHUYE-
CKUMH YCJOBUSIMH DPaOOTHI Topenkd. OCHOBHBIE pe3yNbTaThl SKCHEPHMEHTA
npencTaBieHsl B Tal. 1, TAe A7l CpaBHEHUs! MIPUBEICHBI TAKKE XapaKTEPUCTUKH
SKBHBAJICHTHOTO MO MOIIHOCTU apoTpyOHO-abIMorapHoro koria KBa-0,63 T'u
npu paboTe Ha pacueTHOM Harpy3ke. 3a CUeT COBEPLICHCTBOBAHMS KOHCTPYKLIUH
’KapoBOH TpPYOBI-TOIIKM yIaloch (HOPCHPOBATH TOMOYHBIH PEKUM M JIOCTHYBL
CTaOMIbHON paboTHI KOTIA Ha HArpy3Kax, MPEBHIMIAIONINX PACUCTHBIC, a TAKKE
Heckonbko noBeicuTh KI1/I, cokparuts BeIOpocsr NO, u CO.

Tabruya 1
CpaBHHTeJIbHBbIE XaPAKTEPHCTHKH BOAOTPYOHO-ABIMOTaPHOTO
M JKBHBAJEHTHOIO ’KapOTPyOHO-IbIMOTaPHOT0 KOTJIOB
Comparative performance of watertube smoke tube
and of equivalent firetube smoke tube boilers
dakTHyeckoe 3HaUCHNE
HaumenoBanue napamerpa KBB/I-0,63 I'n
1-1 crynenp | 2-s1 crynens | KBa-0,63 I'n
TOpeHHUS TOPEHHUS

Tennosast Npou3BOIUTENBHOCTD, KBT 458 678 633
TemnoBasi MOITHOCTH TOpPENKU, KBT 483 732 695
Pacxon rasa pacuernsiii (0 °C, 101,3 xI1a), HM /4 47,78 72,42 68,4
ITpuBeneHHAsE K HOPMAJIBHBIM YCIIOBUSM HIDKHSS
TemIoTBOpHas criocoGHOCTh raza (QF), kIx/am’ 36399 36399 36579
TemmnepaTypa yxoadmux ra3os, °C 124,4 166,4 168
KoaddummenT n3bpITKa BO3MyXa 1,21 1,08 1,12
CopeprkaHue B yXOSIIUX ra3zax:

xucinopona (0,), % 4 1,8 2,4

asyoxucu yriepona (CO,), % 9,6 10,8 10,5

okcra yruepona (CO), ppm 20 4 12

okcujoB azora (NO,), ppm 54 57 77
CozepxaHue B CyXHX IPOLYKTaX CropaHus
(npuBeseHHOE K o = 1), Mr/M’:

OKCHIOB a30Ta (B nepecuere Ha NO,) 137 128 180

okcupga yraepoaa (CO) 31 5 15
KIIJ] mo o6parHOMYy Ganancy, % 94,4 92,3 92,8
Pasnocts KII1/, % abci. 0,4 0,3 1,7

Hanwnuue B sxapoBoii TpyOe-TONKE pajnaIbHOTO TPYOHOTO My4YKa HE MPUBO-
JUT K YBEIMYEHUIO XUMHYECKOTO HEAO0XKOTa U 3HAYUTEIHLHOMY POCTY a3pojiu-
HaMHYECKOT'O CONPOTUBIICHUS, YBETUUEHUE KOTOpOro coctaBmiio 10—-15 MM Bog. cT.
3aMeTHBI POCT TUAPABIMYECKOTO COMPOTUBIICHUS KOTJIA TaKKE HE BEISB-
seH. OOIIee THUAPABIMYECKOE COMPOTHBICHUE BOJSTHOIO TPaKTa HE MPEBBICH-
10 0,1 kre/em®. DKOIOTHYECKUE TTOKA3aTe BOJOTPYOHO-BIMOTAPHOTO KOTIIa
CpaBHUBAJHCH C TTOKaszaTelsiMu Kotia « Typoomar-/ymiekcy dupmbr Viessmann
mpu paboTe Ha pa3HbIX Harpy3kax (puc. 10).

Y CcTaHOBJICHO, YTO MEPEX0/] BOAOTPYOHO-IBIMOIAPHOI0 KOT/Ia CO 2-i CTyIe-
HU TOPEHHS Ha 1-10 HE MPUBOAUT K 3HAYUTEIHLHOMY M3MEHEHHIO KOHIICHTpa-
mua NO,, 4YTO MOATBEPIKIACT aJCKBATHOCTh PE3yJbTAaTOB KOMIIBIOTECPHOTO
MoneaupoBaHus. B 1iemom kounenrtpaiuss NO, 3a BOIOTPYOHO-IBIMOTapHBIM
KOTJIOM Ha BCEX PEXHMMax OCTaBajach MEHbIIE, 4eM 3a KoTiioM «TypOomart-
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Hymuexe». Ycpennennas 3aBucuMocts KIIJ| kotna «OpyTTo» mnpeacraBieHa
Ha puc. 11. Tam xe npuBeaens! xapakrepuctuku KI1JI mogobnoro obopynosa-
HUSl, OCHAILIEHHOT'O TOPEJIKaMH pa3HbIX U3MOTOBUTEIEH.
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Puc. 10. Bnusaue Harpy3ku Ha KoHIeHTpanuio NO,:
OJ — xoren KBBI-0,63 T (2-51 cryniens ropenwsi); A — koren KBB/I-0,63 T (1-51 crymeHb ropeHust);
—— — npeaen uzMeHenust KonneHrpanuu NO,, 2-5 c1. (o0 = 1,08-1,20);
—-—- —TO0 %€, l-1 cT. (o0 = 1,13-1,25); — — — 10 xe, mpu padote koTaa «Typdomar-/lymiexcy

Fig. 10. Load influence on NO, concentration:
[0 — the KVVD-0.63 Gn boiler (2™ firing rate); A — the KVVD-0.63 Gn boiler (1* firing rate);
—— — — limit of changes in concentrations of NO,, ond degree (oo = 1.08-1.20); — - — - —the same,
1% rate (o0 = 1.13-1.25); — — — the same, during the “Turbomat Duplex” boiler operation

Ha opunakoBwix Harpyskax KIIJI BogoTpyOHO-ABIMOTapHOTO KOTJIA He-
CKOJIBKO ycTymaeT 000pYyJOBaHHMIO ¢ HAWIYYLIMMHU MOKa3aTesIMHU, HO HE Oolee
yem Ha 1 %. Ha otnenpHBIX nuarpammax (puc. 12) mpuBelneHa KOHICHTPALUsS
NO; u CO B yxonsmux rasax B CpaBHEHHU C APYTHMM 0OOpyIOBaHUEM W JCii-
CTBYIOIIMMHU HOpMaMu. TOHMpOBaHHasi 4acTh CTOJIOLIOB COOTBETCTBYET IIpejie-
JaM M3MEHEHMs KOHUeHTparuu. HecMmoTps Ha TO 4TO BOAOTPYOHO-ABIMO-
rapHbIii KOTEN OCHAIIEH PS0BBIM ropesiodHbiM yctpoiictBoM, KITJI u ypoBeHb
BpEIHBIX BEIOPOCOB OTBEYAOT YPOBHIO JIYUIINX MEX/YHApOIHBIX CTAaHIAPTOB.
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Puc. 11. CpaBuenue KIIJl «0pyTT0» BOAOTpEeHHBIX KOTIOB P PadOTe Ha pasHbIX Harpy3Kax:

- -¢- - —xapoTpyOHO-IEIMOTapHBIi Bogorpeinsiit koten VITOMAX 200 ¢upmsr Viessmann;
O — BoJOTpYOHBIH Bojorpeiinsiii koten KBB-2,0 I'n; A — BonoTpyOHO-ABIMOTapHBIH KOTEI;
- -M- - —XapoTpyOHO-IBIMOTapHBIi BogorpeiHbIi koTen Logano S825L ¢upmsr Buderus;

- -@-- — CeKLHOHHbIH 4yryHHBIN Bojorpeiinbiit koten GE 615 ¢pupmsr Buderus;
—k— — cTaJIbHOH KOTeN ¢ peBepcuBHOM Tonkoi PO-700

Fig. 11. Comparison of boilers thermal efficiency at variations in load:
- -4- - —the watertube smoke tube water-heating VITOMAX 200 boiler produced by Viessmann;
O — the watertube water-heating KVV-2.0 Gn boiler; A — watertube smoke tube boiler;
- -M- - — the firetube smoke tube Logano S825L boiler produced by Buderus;
- -@-- — the sectional cast iron water-heating boiler GE 615 produced by Buderus;
—k— — the steel boiler of RIO-700 with a reversible furnace
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Puc. 12. Ilpenenst uamenenus konueHtpauuu NO, (a) u CO (b) npu paboTe KOTIOB
Ha HOMUHaJIbHOH Harpy3ke: 1 — razorpyonsie koTisl (CIIIA); 2 — ra30TpyOHBIE KOTIBI
¢upmer Viessmann (T'epmanmst); 3 — TOCT 30735-2001 (Ykpauna); 4 — DIN 4702-8 (I'epmanus);
5 — «Arrété du 26 aout 2013» (Opannus); 6 — xapotpyoHo-abIMOrapHsiit koten KBa-0,63 Th;
7 — BonoTpyOHO-apIMorapHslit koten KBB/I-0,63 I'n
Fig. 12. NO, (a) and CO (b) ranges of variation in emissions from boilers functioning
at nominal load: 1 — US firetube boilers; 2 — Viessmann firetube boilers (Germany);
3 — GOST 30735-2001 (Ukraine); 4 — DIN 4702-8 (Germany);
5 —the “Arrété du 26 aoiit 2013” (France); 6 — the KVa-0.63 Gn firetube smoke boiler;
7 — the KVVD-0.63 Gn watertube smoke tube boiler

BbIBO/IbI

1. IlyTeM ycoBepIIEHCTBOBaHHS XapOBO TPYyOBI-TONKH pa3paboTaHa KOH-
CTPYKLIUSI HOBOI'O BOJOTPYOHO-ABIMOIapHOIO KOTJIA C YJIY4IIEHHBIMU TEXHHUKO-
SKOHOMHYECKHMH M SKOJIOTMYECKUMH XapaKTePUCTUKAMH.

2. Ananu3 pe3yiapTaToOB YUCIEHHOI'O KOMIIBIOTEPHOI'O MOZEIMPOBAHUS CBU-
JETEIbCTBYET O TOM, YTO YCTAaHOBKA OXJIXKJAEMOT0 SKPaHHOTo TpyOHOTro paau-
QIBHOTO ITyYKa B apOBYIO TPYOy-TOIKY KOTJIa MU3MCHSET TEXHOJIOTHYECKHUIA
PEKUM KapOBOH TPYOBI-TOIKH, CIECICTBHEM YEro SBISIOTCS:

— yBEJIMYEHHUE OOLIETo TETIOBOCTIPHUSTHS TOTIKK Ha 56 % W pocT IpHu 3TOM
YaCTH TETUIOTHI, TepeJaHHON KOHBEKTHBHBIM TETUTIO00OMEHOM, Ha 22 %;

— yMEHbIIICHHE YPOBHS TEMIIEPATypbl B TOIIOYHOM IMPOCTPAHCTBE W COKpa-
LIEHUE KOHIEHTPALUA OKCUIO0B a30Ta Ha 45-51 %.

3. DKCHEpUMEHTAIBHO YCTaHOBJICHO, YTO HAJMUUE OXJIAXKIAEeMOr0 SKpaHHO-
ro TpyOHOTO paJMaILHOTO ITy4Ka B TOIMKE BOAOTPYOHO-IBIMOTApPHOTO KOTIa
MO3BOJISET:

— YBEJIMYUTH TEIIOBOE HAMPSHKEHUE TOMOYHOTo o0beMa Ha 10 %;

— COKpaTUTh KOHLEHTPALMUIO OKCHIOB a30Ta U YIJIEpPOAa B IBIMOBBIX rasax
Ha 24-40 % u 25—67 % coOTBETCTBEHHO, ITPU 3TOM YPOBEHB BEIOPOCOB BPEITHBIX
BEIIECTB yAoBiIeTBOpsieT TpeOoBanusaM HopM Ykpaunsl (I'OCT 30735-2001);

— o0ecneunTh CTaOMIBFHYIO paboTy KOTJIA TPU CHUKEHHH M30BITKAa BO3/AyXa
B Tonke Ha 3,0 % u noseicuth KI1J] Ha 0,5 %.

4. PegynmbTathl paboOThl MOATBEPIKAAIOT BO3ZMOYKHOCTH HCIIOJIb30BaHMS YHH-
BepcanpHOro nmporpammaoro komruiekca ANSYS FLUENT (Bepcus 6.3) mis
MOJIEJIMPOBAHMS TETNIOOOMEHA B JKapOBBIX TPyOax-TOMKAaX C TPaH3UTHBIM JIBU-
JKEHHEM MPOJIYKTOB CTOpaHUs IpU 3HaueHus1x yucia byrepa <0,5.

S. OnpITHRIA ~ 0Opaszer] BOJOTPEHHOT0 BOMOTPYOHO-ABIMOTAPHOTO  KOTJA
KBBJ-0,63 I'n mpormien cepTHUKAIMOHHBIE WCIBITAaHUS, TOCYIapCTBEHHYIO
pEruCTpanuio, MPUHAT B MMOCTOSHHYIO IKCIUTyaTanuio. KoTen mpocT B M3roTos-
JICHUW U MOXET TPOU3BOJUTHCS B YCIOBUAX MPEANPUATHI KOMMYHAIIBHBIX Tell-
JOBBIX ceTeld. Hane)XKHOCTh KOHCTPYKIUM KOTJIa MOATBEPKAACTCS OIBITOM MHO-
TOJIETHEH AKCILTyaTallnH.
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