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BoxoTpyOHO-IbIMOTAPHBIH KOTEJI:
YHCJI0BOE KOMIILIOTEPHOE MOACJIUPOBAHUE
U IKCIIEPUMEHT
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Belarusian National Technical University, 2018

Pedepar. PaccMoTpeHO yCOBEpIICHCTBOBAHHE TEXHOJOTHH HCIIOIB30BAHMS IPUPOJHOTO Tasa
B BOJOTrpeHHBIX KoTnax. IlpennoskeHa KOHIENIUS HOBOTO BOJOTPYOHO-ABIMOTApHOTO KOTIA,
CO3[JAHHOTO Ha OCHOBE Pa3MEILEHUs] B MPOCTPAHCTBE IMINHIPUUECKOH >KapOBOH TPYOBI-TOIKH
9KPAHHOTO PaJANaIBHOTO TPYOHOTO Iydka. Pe3yiabTaThl YHCIOBOTO KOMITBIOTEPHOTO MOJIEIIHPOBa-
HUS TONOYHOTO IIpOIlecca BOAOTPYOHO-IBIMOTapHOTO KOTJIA TEIUIOBOK MomHOcThio 630 kBT
CPaBHUBAINCH C COOTBETCTBYIOUIMMH AAaHHBIMH, IOJYYE€HHBIMH B XOJ€ SKCIIEpUMEHTa. AHalu3
PE3yJIBTATOB YHCIOBOIO KOMIBIOTEPHOTO MOJCIMPOBAHUA CBUIETENbCTBYET 00 3ddexTuBHOCTH
YCTaHOBJIEHHOTO TPyOHOTO paJHaNbHOTO ITydKa: Ha 56 % yBETHUIHIOCH 00IIee TEeIIOBOCIIPHATHE
TOTIKH, TPU 3TOM Ha 22 % BBIPOCIa YacTh TEIUIOTHI, HEPEAaHHOW KOHBEKTHBHBIM TEIJIO0OMEHOM;
CHM3MJICSI YPOBEHb TEMIEPATYPhl B TOMOYHOM MPOCTPAHCTBE, NMpH 3ToM Ha 45-51 % coxparunack
KOHIICHTpAIUsl OKCHIOB a30Ta. DKCIEPHMEHTAIBHO YCTAHOBJICHO, YTO HAIMYUE OXJIAXKIAEMOTO
9KPAHHOTO TPYOHOTO paJHalIbHOTO IMydYka B TOIKE BOJOTPYOHO-ABIMOTApHOTO KOTJIA MO3BOJIIET:
YBEIMYHUTh TEIUIOBOE HAIPSYKEHUE TOMOYHOro oobema Ha 10 %; coOKkpaTUTh KOHLIEHTPALUIO OKCH-
JIOB a30Ta U MOHOOKCH/IA YIepoJa B IbIMOBBIX ra3ax Ha 24—40 % u Ha 25-67 % cOOTBETCTBEHHO,
IIPU 3TOM YPOBEHb BBHIOPOCOB BPEIHBIX BEIECTB YJOBIETBOPSIET TPEOOBAHHSM HOPM YKpawWHBI
(I'OCT 30735-2001); cHm3uTh M30BITOK BO3yXa B Tonke Ha 3 % u mosbicuth KI1/] kxotma Ha 0,5 %.
OmnbITHBIA 00pa3sen; BOJOrpeiHoro BogoTpyOHO-abiMorapHoro kotia (KBBJ/I-0,63 T'n) mporen
CepTH(UKAIMOHHBIE MCHBITAaHNS, TOCYJapCTBEHHYIO PETHCTPALNIO, NPHUHAT B MOCTOSHHYIO JKC-
ryaTanuio. KoTen mpocT B U3TOTOBIEHHH M MOXKET NMPOHM3BOAUTHCS B YCIOBHUSX HPEANPHATHI
KOMMYHAJIBHBIX TEIUIOBBIX ceTeid. HaneHOCTh KOHCTPYKIMM KOTJa IOJTBEP)KIACTCS OIBITOM
MHOTOJIETHEH IKCILTyaTaluu.
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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, IOTPEOISIEMBIM TPEANPHUATHIMA KOMMYHAITbHOM
TEIIOIHEPTCTHKH, OBUT M ocTaeTcs ACHUIMTHBIA TpupomHbIi ras. Cokparie-
HUE TOTpeOJICHHS ra3a, a TAK)XKE YMEHBIIICHUE BPEIHBIX BHIOPOCOB MpH paboTe
ra30MCIONB3YIONIEr0 KOTENBHOTO 000pYOBaHUS MPEIIPUSITHA KOMMYHAIHHOM
TEIUIORHEPTeTUKH TPEACTABISIFOTCS aKTyaldbHBIMU TpoOiieMamu. braromaps
BHEJIDCHUIO TEXHOJOTHH YTHJIM3AIUK TEIUIOTHl YXOJSIIUX ra3oB 3(hdeKTus-
HOCTB UCTIOJIb30BaHMsI TOTUTMBA B OTOIUTEIBHBIX KOTIAaX MPAKTHYECKHU JIOCTHTIIA
cBoero MakcumyMa. [losTomy mepBoodepeHoM 3amadeit 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 >KapOTPYOHBIX KOTJIIOB CITOCOO-
CTBYIOT WX IIHPOKOMY PaCIpPOCTPAHEHHIO HA MPEINPUATHSIX KOMMYHAIBHOU
TEIUIOAHEPTeTUKH, T/i¢ OOJIBIIOE KOJIMYECTBO OTONMUTENBHBIX KOTJIOB €IUHHY-
HOM MommHOCTRIO 10 1 MBT (mx B Vkpamne HacuuthiBaeTcs Oonee 4000)
B 3HAYHMTEIHHON Mepe oTpabortamu cBod pecypc. Iloaromy menpio wmcciemoBa-
HUH SBHJIOCH TIOBBIIICHUE TCXHUKO-3KOHOMHYECKHUX U 3KOJOTHUCCKUX XapaKTe-
PUCTHK Ta30BBIX BOJOTPEWHBIX KOTJIOB, OCHAIEHHBIX XApOBBIMUA TpyOaMu-
TOTIKaMH.

HNuTencudukanys KOHBEKTHBHOI0 TONOYHOI0 TeNJI000MeHA
KaK MeToJ moaaBJjieHusi GopMHUPOBaHUsI OKCHIOB a30Ta B KOTJIaX.
Bonorpy0HO-ABIMOrapHbIi KOTEJI

B cnemumanpHON JTUTEpaType MOXKHO HAWTH OOIIMPHEIN MaTepuall, Kacaro-
IIWICS Pa3TMIHBIX TEXHOJIOTHH ITOIaBIeHHs (POPMHUPOBAHUS OKCHIOB a30Ta MPH
C)KMTaHUM B KOTJIaX ra30BOro ToIuivBa. Kak mpaBuiio, MEpPOIIPHUSITUS TI0 CHUXKE-
HUIO BBIOPOCOB BPEIHBIX BEIIECTB KaPOTPYOHBIMH KOTIIAMH CBOJASTCSA K TEXHO-
JIOTMYECKMM MepaM, a MMEHHO K OpraHH3alul OCOOBIX PEKHUMOB TOPEHUS,
YMEHBIIAIOMNX 00pa30BaHie OKCHIOB a30Ta B KapOBBIX TpyOax-Tonkax. OgHOi
W3 TEXHOJIOTHI CHW)XEHHS BBIOPOCOB OKCHIIOB a30Ta SIBJISETCS YMEHbBIIECHHUE
TEeMIIepaTypbl TOMIOYHOHW CPEIbl MyTeM WHTEHCHU(PHUKALWN TOMOYHOTO Terio00-
MeHa. M3MeHeHHs1 TeXHOJOTHYEeCKOro Mpoliecca B TOMKE 3a CYET BIUSHUS Ha
JMYYUCTHIN TEII0O0OMEH CBS3aHBI C TEXHOJOTHYECKHMH CIOXKHOCTAMHU. bomee
MMPOCTBIM TEXHUYCCKUM PCHICHUCM MNPECACTABIIACTCA HHTGHCI/I(I)I/IKaHI/Iﬂ KOHBCK-
TUBHOTI'O TCHHOO6MCH3, YTO MOXKET 6I)ITI) OCYIICCTBJICHO 3a CYCT YBCIIMUYCHHA
IUIOMIAIA TOTIOYHBIX MOBEPXHOCTEW HarpeBa. Takas TEXHOIOTHS HCIOIB30Ba-
J1ach KOTJIOCTPOHUTENSIMHU U paHee. Hanpumep, aMepruKaHCKUMHU CIIEMATNCTaMU
B mateHTe [1] mpemiokeHa KOHCTPYKIIMS Ta30TOPEIOYHOTO YCTPONCTBA, OCHA-
IIEHHOTO IMIMHAPUYECKHM BOJOTPYOHBIM KOXYXOM. ['OpeHue MpOXOIUT BO
BHYTPEHHEHM YacTH KOXKyXa, a ropsdyue rasbl Iepel MONaJaHueM B TONOYHBIN
00bEeM TIOABEPTAIOTCS OXJIAXKICHUIO B TpyOHOU cHCTeMe KOXKyxa. YTBepiKaaeT-
Csl, YTO TaKO€ TEXHHUYECKOE PELICHHE MOYKET yMEHbIIaTh KOHUEHTparuio NO,
B TOMOYHBIX Tazax 10 19 ppm (3aech u ganee konueHrpauuu NO, u CO npuse-
NeHbl Kk copepxkanunto O, B razax, paBHomy 3 %.). B [2] coobmiaercs o MoaepHu-
3alyu KapoBOil TPyOBI-TOTIKM MTyTEM pa3MeIIeHHs B ee 00beMe METATUTMYECKUX
U KepaMUYECKHMX CTEepKHEHW JUIsl OTBOJAA YacTH BBIJAENIAIOLIEHCS MpU TOPEHHUH
TernoTel. MccnenoBanus mpoBoaninch B I'epmanuu. B gaHHOM ciyuyae ynasa-
J0ch COKpaTuTh BHIOpochkl NO, nmpumepHo Ha 40 %. OTpHunaTenbHBIMH CTOPO-
HAMU TaKOTO TEXHHYECKOTO PEIICHUS SBWIHCh YBEIWYCHHE XHUMHUYECKOTO
Hemoxora u3-3a pocta BbiOpocoB CO, a Takke KOpOTKas paboyasi KaMIlaHHS
CTepIKHEH, pa3MeNIeHHbIX B TomKe. B o0miem e cirydae, 1o JaHHBIM aMepUKaH-
CKUX CHEUHANNCTOB, cpenusis KoHneHTpauus NO, A ra3oBBIX >KapoTpyOHO-
JBIMOTapPHBIX KOTJIOB, HE OCHAIICHHBIX TEXHOJOTUSIMH CHUXCHHS BBIOPOCOB,
cocTaBisieT okoso 79 ppm [3].

CHmxeHHe 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 MpPO-
CTPaHCTBE IWINHIPUICCKON kKapoBoi TpyOsI-Toniku (puc. 1). Hanuuue TpyOHO-
ro My4YKa OTJIMYAeT BOJOTPYOHO-ILIMOTAPHBINA KOTEI OT TUIIOBBIX KOHCTPYKITHI
KapOTPYyOHO-IBIMOTApPHBIX KOTJIOB, W300pakeHHBIX Ha puc. 2. O3HAKOMUTHCS
C ONKCAHUEM KOHCTPYKIIMHM M TEXHUYCCKUMHU XapaKTEPUCTUKAMU BOIOTPYOHO-
JILIMOTApHOTO KOTJIa MOKHO B [4—6].
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Puc. 1. KoHCTpyKIIHS BOIOTPEHHOT0 BOJOTPYOHO-ABIMOTapHOT0 KOTa: 1 — KopIyc;

2, 3 — mepenHss U 33AHAA TpyOHas 0cKa; 4 — xapoBas TpyOa; 5 — TpyOa SKpaHHOU CHCTEMBI;
6 —razoxon 2-ro xozaa; 7 — aApIMorapHas TpyOa; 8, 9 — mepeaHss u 3aAHAS KOJIbLeBast
TpyOHast nocka; 10, 11 — mepenHss u 3aaHAs KOJbLieBast BOAsSHAs Kamepa; 12 — aBepb KOTia
C TIOBOPOTHOM KaMepoii; 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-
poBaHHe B yHuUBepcanbHOM IporpamMmmHoM kKomriekce ANSYS FLUENT. Ilpo-
[IECCBhI TOPEHMSI Ta30BOM CMECH U TEII00OMEHa, KOTOpPBIE NMEIOT MECTO B JKapo-
BBIX TpyOax-Tomnkax, onuckiBaroTcs B ANSYS FLUENT ¢ momMompio THIIOBBIX
Mozenei. CornmacHo ykazaHusM [7], co3maHue KOMITBIOTEPHOW MOJENH TOIOY-
HBIX KaMep B IPOTPAaMMHOM KOMIUIEKCE HAUMHACTCS C OMPE/ICICHHS THIIA Tope-
HUs. MonenupoBaHue Mporecca FopeHusl U TemIoo0MeHa B JKapoBBIX TpyOax-
TOTIKaX TIPOBOJIUTCS C MCIIOJIb30BAHUEM OIIIMU TOPEHUs 03 MpeaBapuTENbHOTO
cmemmuBanus (Non-Premixed Combustion) [8], 9To maeT BO3MOKHOCTh MOZCIH-
poBath muhPpy3noHHOE TOPEHUE, UMEIOIIEee MECTO B JKapOBBIX TPyOax-TOMKax,
OCHAII[EHHBIX OJIOYHBIMYM BEHTWJIATOPHBIMH TopesikamMu. OCHOBOW Tako# OMIUU
TOPECHHUS SBJISICTCS TIOJIOKCHHE O MOMEHTAJILHOM TEPMOXUMHUECKOM COCTOSHHUH
TOTIOYHON Cpenbl, KOTOpOe MPH YIPOIIEHWH MOKET OBITh NPEACTaBICHO KaK
MTOCTOSTHHOE CKAJSIPHOE KOJWMYECTBO, HA3bIBAEMOE CMECBHIO (pakiuii (mixtu-
re fraction). Pacuer momeneil TOMOK BBHIMONHSIICS COTJIACHO PEKOMEHIAIHSIM
pazznena Using the Non-Premixed Combustion Model [7]. MaremaTtnueckue mMo-
JIeJH, TIPUMEHSEMbIC NI MOJSIUPOBaHUs TU(P(Y3UOHHOTO TOPEHUS B Kapo-
BBIX TpyOax-romkax mpu ucrnoib3oBanud ANSYS FLUENT, cranmapTHBI U CO-
CTOST U3:

— ypaBHEHUS HEPa3PBHIBHOCTH;

— YpaBHEHUSI COXPAHCHHS KOJIMYECTBA JIBIDKEHUS C TEH30POM HAIPSHKCHUS
PeitHonbACa, 3aMKHYTOM Ha A—&-MOJETH TYpOYICHTHOCTH;

— MOJIETT TOPEHHUS C EAMHCTBEHHBIM IIOCTOSHHBIM CKAJISIPHBIM KOJIMYe-
CTBOM, KOTOPOE€ Ha3bIBaeTCsl «CMeCh (pakKLuil» U OMHUCHIBACTCS Yepe3 aTOMHOE
MaccoBO€ OTHOCHUTEIBHOE KOJIUYECTBO;

— ypaBHEHUS] MaTepHabHOTO OOMEHa WM 3aKOHa JIEHCTBYIONIMX Macc, TIe
o01iee KOMWYIECTBO CPOPMHUPOBABIIEHCS KOMIIOHCHTHI B €IWHUIC O0ObeMa M
MacCOBBIH MOJIEKYJISIPHBIHN MOTOK 3aMKHYTHI HA MOZEITH TOPEHUS;

— IMCKPETHO-OPIMHATHON MOAEIH Jy4rucToro terooomena DO;

— OINPENICICHNUsT OCHOBHBIX TEIUIOPU3UYECCKUX XaPAKTEPUCTHK  (TEIIo-
MPOBOJHOCTH, BSI3KOCTH, TEIJIOEMKOCTH) Kak (YHKIHUN TeMIlepaTyphl, a Tak-
e OmpeJeNleHus] MIOTHOCTH Ta30BOM Cpelbl M0 3aKOHY HAEATBHOTO Ta3a Ui
CMecH.

['pannyHbIC YCIIOBUS MOACITUPOBAHUS CXEMATHYHO MOKAa3aHbI HA PUC. 3 U B
001IeM cityyae OnpeelisINCh JaHHBIMU, BXOISAIIUMH B TETUIOBBIC PACUYETHI TO-
oK. OCHOBHBIE YTIPOIIEHUS, TPUHATHIE TIPH TOCTPOSHUH MOJIENeN TOTOK, CO-
CTOSIUTH B CIIEAYIOIIEM:

— TeMIepaTypa TONOYHBIX TOBEPXHOCTEH HarpeBa MPUHATA IOCTOSIHHOM, YTO
JIOITyCTUMO JIJIsl BOAOTPEHHOT0 KOTIa;

— TEeYCHHUE yThEBOTO BO3/AyXa Yepe3 TypOyTU3allMOHHBIM JHCK TOPEIKH He
MOJIETTUPOBAIIOCH, & TypOyIH3alys TTOTOKA 33 IUCKOM 33/1aBajach Yepe3 OMIIHIO
CTeneHH TypOyIeHTHOCTH.

MopenupoBanue o6pazoBaHus BIOpocoB 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 «OBICTPHIX» OKCHIOB a30Ta, TO B MOJCIMPOBAHHUH
UCIIOJIB30BAINCH UIMEHHO 3TH onuuu. OmnpenencHue KOHIEHTPAUK paJuKaloB
kucnopona ([O] Mode) nmpoBoaWIIOCH ¢ TTOMOIIBID METO/AA IOJNYPAaBHOBECHBIX
koHmeHTparuii (Partial Equilibrium Approach). JlaHHBIH MeETOI HaXOXICHHS
KOHIICHTPAIMK PAJAUKAIOB KHCIOPOJAa MOKa3asl Jy4IIyl0 CXOAUMOCTb MOJEINb-
HBIX KOJIMYECTBEHHBIX Moka3zareneld NO, ¢ SKCHepHUMEHTAIbHBIMH JaHHBIMHU.
Ormpenenenne KOHIICHTpaUid THAPOKCIIbHOTO panukana ([OH] Mode) Ha oc-
HOBaHUM PEKOMEHIAIMi [8] TakKe BEJIOCh MO METOLY MOJIYpPaBHOBECHBIX KOH-
IeHTpamnuii. XapakTepHOH O0COOCHHOCTBIO IMporpaMMHOro Komiuiekca ANSYS
FLUENT sBusteTcst TO, 9TO pa3pabOTINKH pacCMaTPUBAIOT MOJCITUPOBAHHUE 00-
pasoBanusi NO, B KauecTBE BCIOMOTATEIHHOTO CPEACTBA IJISi OTCIEKHBAHUS
TEHACHINNA W3MEHeHWs KommdecTBa obOpazoBaBmmxcs NO, Hpu H3MEHEHUH
YCIIOBHI TEXHOJIOTUYECKOTO Tporecca. TouyHOe KOJMYEeCTBEHHOE OMpeielieHe
KoHIeHTpauu NO, Ipyu MOJENHPOBAHNHN HE rapaHThpyercs [8].

TemnepaTypa noBepxHOCTEH
Harpesa nocTosiHHas (f,, = const)

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

Pacxon nyteeBoro Bozayxa Gy, Mg

TemnepaTypa 1yTh€BOTO
BO3IyXa ty, °C

— =
o

Pacxon TomuBa Bp, M /q

Temnepatypa Tomnusa 7., °C

Cocras rorumsa: CHy, C,Hg, CsHsg,
C4Hyp, COy, Ny, Oy, %

Puc. 3. Onucanue 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 Moen TOMOYHOTO YCTPOMCTBAa BOAOTPYOHO-IBIMOTapHOTO KOT-
Ja TerioBod MomrHocThio 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 BepUQUKa-
MU BBIOPAHHBIX OMIMH W MaTeMaTHueckux mozeineil. [loaromy pabota mpo-
BOAMJIACh B JBa dTama. BHawame pemanoch TECTOBOE 3aJaHHE MOJACITHPOBAHUS
TOIMOYHOI'O TEIJIOOOMEHA Ha MPHMEPE XKapoBOW TPYOBI-TONKU KoTia Johnston
125HP TennoBoit MomuHocTRIO 1,25 MBT. Ha BTOpOM 3Tamne co3naBaiuck Mo/ie-
JM OCTaNBHBIX TOTMOK. Cpean MONydeHHBIX JaHHBIX oOpalmaeT Ha ceOs BHUMa-
Hue cienyromiee. [Ipyu pemieHur TECTOBOrO 3a/laHusl 3HAYCHHS TEMIICPaTyphl,
MOJTy9eHHBIC ISl PA3HBIX BAPMAHTOB MOJIENIMPOBAHMS, CPAaBHUBAIIMCH CO 3HAUE-
HUSIMH, TIOJTYYEHHBIMH 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'OPCIIKU L/dr

Puc. 4. Pe3ynbraTel MOJETHPOBAHUS TOMOYHOTO TETII000MEHA MPH PEIIEHUH TECTOBOTO 331aHUs
B kommiekce ANSYS FLUENT na npumepe Tonku koria Johnston 125hp: —e— — skcriepuMent;
—O— — mogens P-1; -- A-- — monens DO, cranmapTHas 1 yBeIWdIeHHAs THCKPETH3AINS
pacdeTHBIX YTJIOB, IEPBOE pelleHue; - -A- - — mozens DO, ctanaapTHas JUCKPETH3aINsI
pacUeTHBIX YTJIOB, BTOPOE pELICHHE

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;
—{3— — 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

MogaenupoBaHue OCTaIbHBIX TOIOK AAJI0 CIeNyIoLe pe3yabTaTel. MeroTces
OTJIMYHUS A3POAWHAMUKH M TEIUIOOOMEHa B TOIKE BOJOTPYOHO-ABIMOTapHOTO
KOTJIa B CPAaBHEHMH C JAPYTUMH Tonkamu. MHTeHCHUKanms TemooOMeHa B Tie-
pUQEPHITHBIX 00JIACTSIX, BBI3bIBAEMAasl MIOBEPXHOCTHIO OXJIAXKIAEMOTO TPYyOHOTO
My4YKa, MPUBOJHUT K OBICTPOMY OXJIaXKJCHUIO, YMEHBIICHHIO YAETHHOTO 00BheMa
JBIMOBBIX TA30B M MX JBIDKCHUIO K mepudepnu. Kak ciencrsue, ymeHbIIaeTcs
00bEeM 30H PEUUPKYISLHH, MPUMBIKAIOIIUNX K KOpHIO (pakena. B Tomke Bomo-
TpyOHO-BIMOTAPHOTO KOTJIA TIOSIBIISIETCS TOTIOJTHUTENNbHAS 30Ha PELUPKYIISLHH,
KOTOpasi pacroyioKeHa B MEPBOM YETBEPTH TOIOYHOTO 00BEMa M MPUMBIKAET K
cepeauHe daxena. Ilosns ckopocTu M TeMmmepaTypbl B LEHTPAJIbHOM CEYEHUH
TOIIOK PUBECHBI HA pUC. 5.

[Tone TemmepaTypsl TOIKU BOJOTPYOHO-ABIMOTApHOTO KOTJIA XapaKTepH3Y-
ercsi Ooyiee 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 Temmneparypa, K
2.00e+02 5.00e+02 B8.00e+02 1.10e+03 1.40e+03 1.70e+03 2.10e+03  2.00e+02 5.00e+0? 8.00e+02 1.10e+03 1.40e+03 1.70e+03 2.10e+03

Puc. 5. TTonst CKOPOCTH U TEMIEPATYPHL: 1, 2 — TONKA C aKCHATBHBIM
1 OOKOBBIM BBIXOJJOM COOTBETCTBEHHO; 3 — TOIKa BOAOTPYOHO-BIMOTapHOr0 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 nenbHBIN TEIUIOBOH IMOTOK HA TOIOYHBIX MMOBEPXHOCTSX: 1, 2 — TOIMKA C aKCHATBHBIM
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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1.86e+03

1.80e+03

Temmnepatypa, K

Puc. 7. 30HBI BEICOKOH TEMITEpaTypHl B TONKAX: 1, 2 — TONKA C aKCHAIBHBIM
1 GOKOBBEIM BEIXOIOM COOTBETCTBEHHO; 3 — TOIKA BOAOTPYOHO-IBIMOTapHOTO KOTJIa

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

AHanM3 TOKa3bIBAET, YTO B TONKE BOJOTPYOHO-ABIMOTApHOTO KOTJIA 30HA
(bopMupOBaHKS OKCHAOB a30Ta JOKAJIN30BaHa BO (PPOHTAIBHOI YacTH TOIIOYHO-
ro ooseMma. Ilepexon BogoTpyOHO-IBIMOIapHOrO KOTJIA HA PabOTy MPU YacTUY-
HOIt Harpy3ke (Pacxof ra3a 51,5 HM’/a) XapaKTepU3yeTcs yMEHBIICHHEM Pa3Me-
POB 30H PEIUPKYIALNNN TOMOYHBIX Ta3oB (puc. 8). OmHako mepepacmpeneeHue
CKOPOCTU INPAaKTUUECKU HE BIMAET Ha 00pa30oBaHHE OKCUIOB a30Ta, YTO MOJ-
TBEPAWIIOCH PE3yNbTaTaMH SKCIICPUMEHTA.

Pacxop rasa 72,4 um’/u Pacxop rasa 47,8 am’/u

CKOpOCTb, M/C 1
0.006+00  150e+00 3006400 450e+00  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]>HbIe HCCIIeA0BAHUA BOI[OprﬁHO-I[])IMOFapHOFO KOTJIa

DKCIIeprUMEeHTAIbHAS YCTaHOBKA Ha 0a3e OMBITHOTO 00pasiia BOAOTPYOHO-
JBIMOTapHOTO KOTia TernoBoi MomHocteio 630 kBt (KBB/-0,63 I'n) Obiia
OCHAIllEHa W CMOHTHpOBaHa B T. KueBe B MOMEUIEHWH PaliOHHOW KOTEIHHOM.
Cxema cpecTB U3MEpEHNs ITOH YCTaHOBKH IIpe/ICTaBIeHa Ha puc. 9.
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Puc. 9. Cxema uzmepeHuil IpOMBIIIICHHO-3KCICPUMEHTAIBHOM
ycTaHOBKHM Ha 6a3e BogoTpyOHO-apIMOrapHoro korma KBB/I-0,63 T'a: 1 — xoten;
2 — ropesoyHoe YCTPOUCTBO; 3 — OJIOK 3JEKTPOHHOM KOTJIOBOI aBTOMATHKHY;
4 — KOMOMHHPOBAHHBIN I'a30BBIH OJI0K; 5 — HACOC TEIUIOCETH; 6 — CYETYHUK BOJBI TEIUIOCETH;
7, 8 — maBjeHNe BOJBI M TeMIIEpaTypa BObI Ha BXoje B Kotel; 9, 10 — remnepaTypa BoIbI
U JIaBJIeHUE BOJBI HA BBIXO/€ U3 KOTJNA; 11 — naBneHue ra3a nepej cueTuukoM; 12 — remreparypa
raza; 13 — cuetunk rasa; 14, 15 — naBneHue rasa mepej ra30BbIM OJOKOM U MEPe] TOPEITOYHBIM
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 JOCTHIKECHHEM MaKCHMallb-
HOW Harpy3kd Ha 2-i CTyIeHH ropeHus. | openodnoe yCTpOMCTBO BKITIOYAIOCH
B paboTy, yaepkuBaio (akel, ¥ KOTeN CTa0MIbHO padoTal Ha 00eUX 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 | 2-1 crymens | 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
TEIIOTBOPHAst coco6HOCTh raza (OF), K JIK/HM’ 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:

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

nsyokucu yriepoza (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 mepecuere Ha NO,) 137 128 180

okcupga yraepoaa (CO) 31 5 15
KIIJ] mo o6parHOMYy Ganancy, % 94,4 92,3 92,8
Pasznocts KIIJ1, % abcn. 0,4 0,3 1,7

Hanwmuue B sxapoBoii TpyOe-TONKE pajnaabHOTO TPYOHOTO My4YKa HE MPUBO-
JUT K YBEIMUYCHUI0 XUMHYECKOTO HEAO0XKOTa U 3HAYUTEIHLHOMY POCTY a3pojIu-
HaMHYECKOT'O CONPOTUBIICHUS, YBETUUECHUE KOTOpOro coctaBmiio 10—-15 mm Box. cT.
3aMeTHBI pPOCT TUAPABIMYECKOTO COMPOTUBIICHUS KOTIA TaKKE HE BEISB-
neH. OOIIee TUAPABIMYECKOE CONMPOTHBICHUE BOJSHOIO TPaKTa HE MPEBBICH-
0 0,1 krc/cm’. DKOIOTHYECKUE TTOKA3aTe BOJOTPYOHO-BIMOTAPHOTO KOTIIa
CpPaBHUBAJHCH C TTOKazaTelsiMu KoTia «Typoomar-/ymiekcy dupmbr Viessmann
IIpHu paboTe Ha pa3HBIX Harpy3kax (puc. 10).

Y CTaHOBJICHO, YTO MEPEX0/] BOAOTPYOHO-IBIMOIAPHOI0 KOTJa CO 2-i CTyIe-
HU TOPEHHS Ha 1-10 HE MPUBOAUT K 3HAYMTEIHLHOMY 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 TOPEIKaMH pa3HbIX U3MOTOBUTEIEH.
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Puc. 10. Bnusaue Harpy3ku Ha KoHueHTpauuio NO,:
0J — xoren KBBI-0,63 T (2-51 cryniens ropenwsi); A — koren KBB/I-0,63 T (1-51 crymeHb ropeHust);
—— — npeaen uaMeHenust KonneHtpanuu NO,, 2-1 ct1. (o = 1,08-1,20);
—-—- —TO0 %K€, l-1 cT. (o0 = 1,13-1,25); — — — 10 xe, mpu pabdote 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 KIIJ] BogoTpyOHO-ABIMOTapHOrO KOTJIA He-
CKOJIBKO ycTymaeT 000pYyJOBaHHUIO ¢ HAWIYYLIMMHU MOKa3aTesIMU, HO He Oolee
yem Ha 1 %. Ha otnenpHbIX muarpammax (puc. 12) mpuBelneHa KOHICHTPALUsS
NO; u CO B yxonsmux raszax B CpaBHEHHHU C APYIHMM 0OOpyJOBaHUEM U JCii-
CTBYIOIIMMHU HOpMaMu. TOHMpOBaHHasi 4acTh CTOJIOLIOB COOTBETCTBYET IIpejie-
JaM M3MEHEHMs KoHIeHTpaiuu. HecMmoTps Ha TO 4YTO BOAOTPYOHO-ABIMO-
rapHbIi KOTEJ OCHAIIEH PSJAO0BBIM ropesodHbiM yctpoiictBoM, KITJI u ypoBeHb
BpEIHBIX BEIOPOCOB OTBEUYAIOT YPOBHIO JIYUIINX MEX/IYHApOIHBIX CTaHIAPTOB.
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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 Boforpeiinsiii koten KBB-2,0 I'n; A — BomoTpyOHO-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'epmanust);
5 — «Arrété du 26 aout 2013» (Opannus); 6 — xxapotpyoHo-abIMOrapHsiit koten KBa-0,63 T'u;
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 XapOBOi TPYOBI-TONKK pa3paboTaHa KOH-
CTPYKLIUSL HOBOI'O BOJOTPYOHO-ABIMOIapHOIO KOTJIA C YIYYIIECHHBIMU TEXHHUKO-
SKOHOMHYECKHMH M HKOJIOTMYECKUMH XapaKTEPUCTUKAMH.

2. Ananu3 pe3yiabTaToOB YUCIEHHOI'O KOMIIBIOTEPHOI'O MOZEIMPOBAHUS CBU-
JETEIbCTBYET O TOM, YTO YCTAaHOBKA OXJIXKJAEMOr0 SKPaHHOTO TPyOHOTro paau-
QIBHOTO ITyYKa B apOBYIO TPYOy-TOIKY KOTJIa M3MEHSET TEXHOJIOTHUECKHUI
PEKUM KapOBOH TPYOBI-TOIKH, CIEICTBHEM UYETO SBIISIOTCS:

— yBEJIMYEHHUE OOIIETO TETIOBOCTIPHUSITUS TOIKK Ha 56 % W pocT IpH 3TOM
YaCTH TETUIOTHI, TePeJaHHON KOHBEKTUBHBIM TETUTI000MEHOM, Ha 22 %;

— yMEHbIIIEHHE YPOBHS TEMIIEPaTypbl B TOIIOYHOM IMPOCTPAHCTBE W COKpa-
LIEHUE KOHIEHTPALUU OKCUIOB a30Ta Ha 45-51 %.

3. DKCHEpUMEHTAIBHO YCTaHOBJIICHO, YTO HAJMUUE OXJIAXKIAEeMOr0 SKpaHHO-
ro TpyOHOTO pajMaILHOTO Ty4YKa B TOMKE BOAOTPYOHO-IBIMOTApPHOTO KOTJa
MO3BOJISAET:

— YBEJIMYUTH TEIUIOBOE HAMPSHKEHUE TOMOYHOro o0beMa Ha 10 %;

— COKpaTUTh KOHLEHTPALUIO OKCHIOB a30Ta U yIJIEpOAa B JIBIMOBBIX rasax
Ha 24-40 % u 25—67 % COOTBETCTBEHHO, ITPU 3TOM YPOBEHB BHIOPOCOB BPEITHBIX
BEIIECTB yAOBIETBOpsieT TpeboBanusM HopM Ykpaunsl (I'OCT 30735-2001);

— obecneunTh CTaOMIBHYIO paboTy KOTJIA TPU CHUKEHHH M30BITKa BO3/AyXa
B Tonke Ha 3,0 % u noseicuTh KI1J] Ha 0,5 %.

4. Pe3ynbTaTsl pabOTHl MOJATBEPKIAIOT BO3MOKHOCTh HCIIONB30BAHUS YHH-
BepcanbHoro mporpammaoro komruiekca ANSYS FLUENT (Bepcus 6.3) mis
MOJICJIMPOBAHMS TETNIOOOMEHA B JKapOBBIX TPyOax-TOMKAaX C TPaH3UTHBIM JIBU-
YKEHUEM IIPOLYKTOB CrOpaHUA MIpU 3HaYeHUsX yucia byrepa <0,5.

5. OnpITHRIA  OOpaszel] BOJOTPEHHOTO BOIOTPYOHO-ABIMOTAPHOTO KOTJA
KBB-0,63 I'n mpormien cepTH(UKAIMOHHBIE HCIBITAaHUS, TOCYIapCTBEHHYIO
PETrUCTpaLMIo, IPUHAT B MOCTOSHHYIO 3KcIyaTamnuio. Koten mpocT B U3roTos-
JICHUW U MOXET TPOU3BOJUTHCS B YCIOBUAX MPEANPUATHIH KOMMYHAIIBHBIX Tell-
JOBBIX ceTeld. Hane)XkHOCTh KOHCTPYKIUM KOTJIA MOATBEPKAACTCS OIBITOM MHO-
TOJIETHEH AKCITyaTalnH.



A. B. Kanvieun

282 BonoTpyOHO-15IMOTapHBIH KOTEN: YHCIOBOE KOMITBIOTEPHOE MOJCIUPOBAHKE. . .
JINTEPATYPA
1. Process and Fuel Burner with Exhaust-Gas Recirculation: pat. US 6579086 B2 USA,

10.

MPK?7 F 23 C 9/00 / J. Fullemann, H. Boner, A. Allemann, M. Allemann (USA); published
17 Jun. 2003.

. T'y6app, C. A. Merozpl 1 crioco0bl MOBBILICHHS TEIIOBOM U 3KOJIOrHYecKoil 3 heKTHBHOCTH

KapOTPYOHBIX TEIUIOT€HEPATOPOB MAIOH MOIIHOCTH ISl JIOKJIBHOTO TEIUIOCHA0KEHUS: JUHC. ..
kau. TexH. Hayk: 05.23.03 / C. A. T'ybaps. MaxkeeBka, 2004. 214 c.

. Alternative Control Techniques Document NO, Emissions from Industrial/Commercial/Insti-

tutional (ICI) Boilers / U.S. Environmental Protection Agency. Emission Standards Division.
EPA-453/R-94-022. USA, North Carolina: Research Triangle Park., 1994. 589 p.

. Curan, A. 1. UccnenoBanust BOZOTpEHHOr0 BOJOTPYOHO-IbIMOTapHOTO KoTia / A. W. Cura,

A. B. Kansrrus, I'. K. Caenxo // [Ipomsinurennas Terutorexauka. 2008. Ne 2. C. 48-54.

. Curan, A. W. DxcriepuMeHTaJIbHBIE HCCIEAOBAaHUS U OIBITHAS SKCIUTyaTalusi KOMOMHUPO-

BaHHOTO BOJIOTPEHHOro BOXOTPYOHO-AbIMOrapHoro kotina / A. W. Curan, A. B. Kansirus,
I'. K. Caenxko // HoBoctu TemnocHaOxkernuns. 2008. Ne 12, C. 38-42.

. KaHI)Il"I/IH, A.B.O COBPCMECHHBIX METOJIaX CHHKCHUSA 06pa3OBaHI/I$I OKCHUJOB a30Ta IIpu CKU-

TaHWUHM Ta3a B KOTJIAX MaJoi U cpennell MomuHocty / A. B. Kansirus // IIpombinmeHHas Temio-
TexHuka. 2013. Ne 2. C. 79-86.

. FLUENT 6.3 Tutorial Guide [Electronic resource] / Fluent Inc. USA: Fluent Inc., 2006. Mode

of Access: http://www.hipecc.wichita.edu/pdfs/fltg.pdf.

. ANSYS FLUENT Theory Guide [Electronic resource] / ANSYS Inc. USA: ANSYS Inc., 2011.

Mode of Access: https://ru.scribd.com/doc/140163341/Ansys-Fluent-14-0-Theory-Guide.

. Pacuer oTUETHBIX TEXHMKO-IKOHOMUYECKUX IOKa3aTeNell IEKTPOCTAHIUM M TEIUIOBOW 3KO-

HOMUYHOCTH 00opynoBanus. Metoamdeckue ykazanus: ['KJ[ 34.09.103-96. Been. 01.03.1996.
Kues: Mun-Bo snepretuxu Yxpaunsl, 1996. 136 c.

Meroaudeckoe mocodue 1o MPOBEJCHHI0 KOMIUICKCHBIX KOJIOTO-TEINIOTEXHIYECKUX UCIIBITa-
HHUI KOTJIOB, paboTaroiux Ha rase u masyre / noxa pen. M. 5. Curana. Kues: BHUITU Tpanc-
I'a3, Poranpunt, 1992. 213 c.

Tocrynma 06.10.2017  INoxamucana B nedars 19.12.2017  Omy6nukoBana oxnaife 30.05.2018

10.

REFERENCES

. Fullemann J., Boner H., Allemann A., Allemann M. (2003) Process and Fuel Burner with Ex-

haust-Gas Recirculation. Patent US 6579086 B2 USA.

. Gubar' S. A. (2004) Methods for Improving the Thermal and Environmental Efficiency of Low

Power Heat Pipe Heat Generators for Local Heat Supply. Makeevka. 214 (in Russian).

. U.S. Environmental Protection Agency. Emission Standards Division. EPA-453/R-94-022. (1994)

Alternative Control Techniques Document NO, Emissions from Industrial/Commercial/Insti-
tutional (ICI) Boilers. USA, North Carolina: Research Triangle Park. 589.

. Sigal A. I, Kanygin A. V., Saenko G. K. (2008) Research of Water-Heating Watertube Fire

Boiler. Promyshlennaya Teplotekhnika = Industrial Heat Engineering, (2), 48-54 (in Russian)

. Sigal A. I, Kanygin A. V., Saenko G. K. (2008). Experimental Studies and Trial Operation of

the Combined Water-Heating Watertube Fire Boiler. Novosti Teplosnabzheniya [News of Heat
Supply], (12), 38-42 (in Russian).

. Kanygin A. V. (2013) On Modern Methods of Reducing the Formation of Nitrogen Oxides in

the Combustion of Gas in Boilers of Low and Medium Power. Promyshlennaya Teplotekhni-
ka = Industrial Heat Engineering, (2), 79-86 (in Russian).

. FLUENT 6.3 Tutorial Guide. USA: Fluent Inc., 2006. Available at: http://www.hipecc.wichita.
edu/pdfs/fltg.pdf.
. ANSYS FLUENT Theory Guide. USA: ANSYS Inc., 2011. Available at: https://ru.scribd.

com/doc/140163341/Ansys-Fluent-14-0-Theory-Guide.

. GKD [Industrial Guidance Document] 34.09.103-96. Calculation of the Reported Techni-

cal and Economic Indicators of the Power Plant and of Thermal Efficiency of the Equipment.
Methodical Instructions. Kyiv, Ministry of Energy of Ukraine, 1996. 136 (in Russian).

Sigal I. Ya. (ed.) (1992) Guidance on Conducting an Integrated Ecological-Heat Engineering
Testing of Boilers Operating on Gas and Fuel Oil. Kyiv, VNIPITransGaz. 213 (in Russian).

Received: 6 October 2017 Accepted: 19 December 2017 Published online: 30 May 2018





