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RESEARCH OF CHARACTERISTICS OF HEAT AND MASS TRANSFER
AT THE INTRODUCTION OF TECHNOLOGY OF STEPS FUEL
BURNING ON THE BKZ-75 BOILER OF THE SHAKHTINSKAYA TPP

Abstract. This article presents computational experiments on the introduction of step-by-step fuel combustion
(OFA) technology using the example of the combustion chamber of the BKZ-75 boiler at the Shakhtinskaya TPP.
OFA technologies are based on the separation of the supplied oxidizing agent into the combustion space in such a
way as to reduce the amount of fuel NOx in the area of the burners by reducing excess air, and the amount of thermal
NOx by reducing the temperature of the flame in the area of the OFA injectors. Using computer simulation methods,
various modes of supplying additional air to the combustion chamber of the BKZ-75 boiler through OFA injectors
were studied: OFA=0% (basic version), OFA=10%, OFA=18%. As a result of computational experiments, the
distributions of the concentrations of carbon monoxide CO and nitrogen dioxide NO2 were obtained over the entire
volume of the combustion chamber. The most important result of the introduction of staged fuel combustion
(OFA=18%) is a decrease in the concentration of nitrogen dioxide NO2 at the outlet of the combustion chamber by
25% and carbon monoxide CO by 36%. The results allow us to conclude that the introduction of Overfire Air (OFA)
technology has a positive effect on the heat and mass transfer in the combustion chamber and minimizes emissions of
harmful substances.

Key words. heat and mass transfer, fuel combustion, numerical simulation, computational experiment, OFA
technologies (Overfire Air), carbon oxides, nitrogen dioxides, ecology.

Introduction

Modern environmental problems that have arisen as a result of anthropogenic overload and irrational
use of natural resources have undoubtedly affected the economic and environmental status of the Republic
of Kazakhstan. For heat power engineering and other related industries, the task of reducing the cost of
obtaining the required products and emissions of harmful substances is paramount.

In this regard, the issue of choice, operation, and, first of all, the creation of new, highly efficient
energy and resource-saving and “clean” technologies of energy processes becomes relevant. This requires
the implementation of a whole range of measures, the most important of which is the use of modern
technologies, as well as world achievements in the field of development to optimize the combustion of
solid pulverized coal fuel at thermal power plants (TPP) of Kazakhstan [1-9]. OFA technology (“Over Fire
Air”) is currently successfully used all over the world, and especially in Europe, since the introduction of
such technology at existing thermal power plants requires low investment and contributes to a significant
reduction in NOy emissions.. When used in combination with other measures to control and suppress the
formation of NO, it is possible to reduce their emissions to 85%.

The OFA method, or as it is also called the “step-by-step method of burning fuel", includes the supply
of the entire volume of combustion air (primary and secondary) in two stages: 70-90% of the air is
88 ——
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supplied to the burners, and the rest is supplied to the combustion device over the burner "sharp blast". By
mixing fuel with a controlled air flow in the burner, a relatively low-temperature, oxygen-depleted and
fuel-rich combustion zone is created in the lower part of the combustion burner, which helps to reduce the
formation of NOy from the nitrogen contained in the fuel (fuel NOy) [10].

The remaining part of the air is supplied above the main combustion zone to several air channels
located on the front and rear walls of the combustion chamber above the upper level of the burners, in
order to achieve the most complete combustion of the fuel. The relatively low temperature in the oxygen-
enriched afterburning zone leads to reduced formation of NOy from the air (thermal NOy).

To model heat and mass transfer in the presence of physicochemical processes, the fundamental laws
of conservation of such quantities as mass, momentum, energy are used. Since heat and mass transfer in
the presence of physico-chemical transformations is an interaction of turbulent movements and chemical
processes, we must also take into account the law of conservation of the components of the reacting
mixture, turbulence, multiphase environment, heat generation due to radiation from a heated medium and
chemical reactions [11-16].

Object of research

The combustion chamber of the BKZ-75 boiler of the Shakhtinskaya TPP (Shakhtinsk, Kazakhstan)
was selected for numerical experiments to suppress nitrogen and carbon oxides using OFA technologies
[17-24]. Figure 1 shows a general view of the combustion chamber of the BKZ-75 boiler (Figure 1a) and
the layout of burner devices and injectors for the introduction of OFA technology (Figure 1b). The finite
difference grid for numerical modeling has steps along the X, Y, Z axes: 90x32x158, which is 455 040
control volumes. Dust of Karaganda coal is burned in the boiler, with an ash content of 35.1%, a volatile
yield of 22%, a moisture content of 10.6% and a heat of combustion of 18.55 MJ/kg. The main structural
characteristics of the combustion chamber of the boiler BKZ-75 are presented in table. 1.
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Figure 1 - General view of the combustion chamber of the boiler BKZ-75 of the Shakhtinskaya TPP (a)
and the layout of the burner devices and OFA injectors (b)

Table 1 - Structural characteristics of the boiler BKZ-75
of the Shakhtinskaya TPP during the organization of staged fuel combustion

Characteristic Value
Number of OFA injectors 4
The height of the burner, m 4
The height of the tier of OFA injectors, m 9
Diameter of OFA injectors, m 0.325
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Various modes of supplying additional air to the combustion chamber of the BKZ-75 boiler through
OFA injectors were studied: OFA=0% (basic version), OFA=10% and OFA=18%. As a result of the
computational experiments, the distributions of the concentrations of carbon monoxide CO and nitrogen
dioxide NO; were obtained over the entire volume of the combustion chamber; at the exit from it, a
comparative analysis was carried out for all the studied modes.

Results of computational experiments

Figure 2 shows the 3-D distribution of carbon monoxide concentrations CO at the outlet of the
combustion chamber of the BKZ-75 boiler for three options for supplying additional air through OFA
injectors: a) OFA=0% (basic version), b) OFA=10%, c ) OFA=18%. Analysis of Figure 2 shows that an
increase in the volume of air supplied through OFA injectors reduces the concentration of carbon
monoxide CO at the outlet of the combustion chamber from 7.3*10* kg/kg to 4.6*10™* kg/kg, which
makes up about 36%.

Average: 7310*
CO. kg/kg

Average:5310* 6 Average: 46104
CO. kg/kg

| | | | |
LI104 37104 52104 68104 83104

| | \ |
3,1104 54104 76104 9,910 12103

a) b) ©)

Figure 2 - The distribution of the concentration of carbon monoxide CO at the outlet of the combustion chamber
of the boiler BKZ-75 at various values of air supplied through OFA nozzles:
OFA = 0% (a), OFA = 10% (b), OFA = 18% (c)
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Figure 3 - Distribution of the concentration of carbon monoxide CO over the height of the combustion chamber
of the BKZ-75 boiler at various values of air supplied through OFA nozzles:
1 - OFA = 0%, 2 -OFA = 10%, 3 - OFA = 18%

Figure 3 shows the distribution of carbon monoxide concentrations over the height of the combustion
chamber of the BKZ-75 boiler for various values of air supplied through OFA nozzles: 1 - OFA= 0%,
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2 - OFA=10%, 3 - OFA=18%. It can be noted that carbon monoxide is concentrated mainly in the zone of
the main distribution of the fuel flow and oxidizer (air) from the burners, i.e. where there is a large amount
of carbon fuel. With an increase in the volume of air supplied through OFA nozzles, further oxidation of
carbon monoxide CO to carbon dioxide CO- occurs, which leads to a decrease in CO in the exhaust gases
and at the exit from the combustion space (as shown in figure 2).

Distributions of NO, concentrations at the outlet of the combustion chamber of the BKZ-75 boiler for
three options for supplying additional air through OFA injectors: a) OFA=0% (basic version),
b) OFA=10%, c¢) OFA=18% are shown in figure 4. Analysis of the concentration field of nitrogen dioxide
NO2 at the exit from the combustion space indicates a significant effect of stepwise combustion technology on
the distribution of the concentration of this component. It can be seen that with an increase in the volume of air
supplied through OFA nozzles, there is a significant decrease in the concentration of NO; at the outlet of the
combustion chamber compared to the basic mode: at OFA=0% - 564.4 mg/nm’, at OFA=10% -
509.44 mg/nm’, at OFA=18% - 424.88 mg/nm’. This is primarily due to the relatively low temperature in
the oxygen enriched zone of OFA injectors, which leads to a decrease in the formation of NOy from the air
(thermal NOy). The maximum permissible concentration (MPC) for nitrogen oxides NOx, adopted in
Kazakhstan, is about 850 mg/nm?.

: .
Average: 564.4 6 Average: 509.44 Average: 424.83

NO,, mg/nm? NO,, mg/nm? NO,, mg/nm?
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Figure 4 - Distribution of the concentration of nitrogen dioxide NOz at the outlet of the combustion chamber
of the BKZ-75 boiler at various values of air supplied through OFA nozzles:
OFA = 0% (a); OFA = 10% (b); OFA = 18% (c)
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Figure 5 - Distribution of the concentration of nitrogen dioxide NO2 along the height
of the combustion chamber of the BKZ-75 boiler at various values of air supplied through OFA nozzles:
1 - OFA = 0%, 2 -OFA = 10%, 3 - OFA = 18%
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This pattern of NO, behavior is confirmed by figure 5, which shows the distribution of NO;
concentration over the height of the combustion chamber of the BKZ-75 boiler for the cases: OFA=0%,
OFA=10%, OFA=18%. An analysis of this figure shows that the main gas generation of NOx occurs in the
region of propagation of the mixtures of air from the burners. The nature of the distribution of the curves
in this region is ambiguous, which indicates a complex process of the formation of nitrogen dioxide NO;
in this region. Like figure 4, figure 5 talks about the effect of step-by-step combustion technology on the
formation and suppression of nitrogen oxides (at OFA=18%, the NO, concentration at the outlet decreases
by almost 25%).

Conclusion

The results of a study on the introduction of OFA technology for heat and mass transfer processes
occurring in areas of real geometry, which are the combustion chambers of TPPs, when burning energy
fuel in them are presented. Numerical experiments were carried out using 3-D computer simulation
methods. A comparison was made for different modes of supplying additional air through OFA injectors
into the combustion chamber of the BKZ-75 boiler: OFA=0% (basic version), OFA=10%, OFA=18%. It
has been shown that the introduction of OFA technology at the BKZ-75 boiler of the Shakhtinskaya TPP
can significantly reduce emissions of harmful substances, such as carbon monoxide CO and nitrogen
dioxide NO,, which will improve the environmental situation at coal-burning thermal power plants in the
republic.
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IMAXTHUHCK K30 BK3-75 KASAH/JbITbIHJIA OTBIHHBIH CATBILJIbI
KAHY TEXHOJIOT'USICBIH EHI'I3Y KE3IHJAEI'T
KBLITY MACCA AJIMACY CUITATTAMAJIAPBIH 3EPTTEY

AnHoTtanusi. TaOuru 3HEprusi pecypcrapblHblH CapKbUIYbl )KOHE KOpPILIAFraH OPTaHbIH JACTaHybl JKarJalbIHaa
SHEPreTUKANIBIK JKOHE OKOJIOTHSUIBIK KAayilCi3fik MpoOJeMachlH MIelly jKaHa SHEPreTHKAaNbIK CTPaTeTHsIHbIH
MaHpbI3/1bl MiHJeTTepl 00JIbIT TabbUTaAbl. KazakcTaH e3iHIH KaKETTUTIKTEPiH KaHAFaTTaHIbIPY YILIH FaHa eMec, 6acka
OHIpJIepre SKCIOPTTAay YLIIH Jie ETKUTKTI dHepreTHKaJbIK PecypcTapAblH YJIKeH KOpblHA ue. PecnyOivkaHbIH
SHEPIreTUKANIBIK PECYPCTAPhIHBIH TEHICPIMIHIIC TAC XKOHE a3 JAOPEKeeC KOHBIP KoMip OackiM. Byrinae anemzie kemip
KOC-na anextp koHe XbUTy dHepruschiHbH 50%-maH acrambl, an Kazakcranma — 85%-ra JKybIFbl ©HIIpLIEII.
Kasakcranna 3ussHIBI 3aTTapAbl IIBFAPYAbIH KaTaH HOPMAaJapbhlH CaKTail OTBIPHIN, SHEPTHS OHIIpyre OaillaHBICTHI
NpOLECTEePiH THIMAUINIH apTTBIpy Typajibl Maceiae ore oTkip Typ. Ocbrran OalmanblcThl 3ustHiubl Illan-ra3
MIBIFapBIH/ABIIAPBIH  KAJIBIITACTHIPYIBIH HETI3ri IpolecTepiH OakpliayFa MYMKIHIIK OepeTiH SHEprHsUIbIK THIMII
TEXHOJOTHSUIIAPABI KYpy JKOHE OJapibl TOMEHICTY >XOHIHIErl YCBIHBICTApAbI J3ipiiey KbLIy SHEPreTHKACHIHBIH
o3eKkTi MiHAeTi Oombim TaOBUIanel. [llaHKeMIpii OTHIHBIH KaFyIbIH SHEPTETUKAJIBIK KOHIBIPFBUIAPBIH JKETUIIIPY
JKOHIHJIET] TPOrPECCUBTI TEXHOJIOTHSUIBIK MPOLECTEP CalaChIHAAFbl 3ePTTEYJICpP JKOHE OTHIHHBIH Op TYpJEpiH
XKaryIbeIH OamaMaibl 9MicTepiH maiimanany Kasipri yakeitta Kasakcran PecryOnamkachHBIH GapiblK SHEPTreTHKAIBIK,
KeIlIeH] YIIiH HEFYPIIBIM ©3€KTi OOJIBIN TaObLIA b,

A3OT OKCHATEPIiHIH MIBIFAPBIHABUIAPBIH a3aiTyAbIH OPTYPIIi oicTepi Oap, oapAbIH illiHAe OTHIHABIK KaMepaaa
OTBIHJIbI JKAFy CATBICBIHIA a30T OKCHUATEPIH 0acy TEXHOJOTMSCHIH €HII3y HEFYPJIBIM OPBIHIBI OOJBIN TaObLIAIBI.
Oteinabl catbuibl kary - "Overfire Air" (OFA) texnonoruscel NOy a30T OKCH/II KOHIIEHTPAIMSACHIH TOMEHACTY/IIH
TUIMAL dxicTepiHiH Oipi 6onbIn Tadbanel. CaThUTBl ayaHbI OTTHIK KeHicTiK ke3inge OF A TexHomorusuiap sxacanapl
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Oepyze KaxerTi aya kejemi yuiiH kemipai skary Obutaiimma: 70-90% aya Oepineni orTeIkTapbl sxkoHe 10-30% —
apkpuibl OF A-MH)KEKTOPBI OpHajacKaH YCTIHEH >KaHapFbl KYPbUIFbUIAPBL. Byl armaija OTHIHABIK KYPBUIFBIHBIH
TeMeHri OeJjliriHie OTTeriMeH a3jaraH TOMEH TeMIepaTypaibl JKOHE OTHIHMEH OalbIThUIFAaH JKaHy aliMarbl
KypbL1aJpl, Oyl OThIH a30ThiHaH NOX Ty3inyiH TemMenaeryre MyMKiHaik oepeni (oreiHabik NOx). CoHbIMEH Karap,
OFA-uHXeKTOpJIap/IblH OTTEriMEH OalbITHUIFAH aiMarbIHIAFbl TOMEH TeMIieparypa ayagan NOX Ty3uUlyiH a3aiTyra
okeneni (TepMusuIbIK NOX).

Byn makanana [laxtuack K30 BK3-75 Ka3aHABIFBIHBIH OTTHIK Kamepachl MbicanbiHga "Overfire Air" (OFA)
TEXHOJIOTHSCHIH €HIi3y OOMBIHIIA ecenTey dKCIepUMeHTTepl ychiHburaH. BK3-75 KasaHIBIFBl MaiilaHHAH JKoHE
ThUIHAaH Oip KabaTKa €Ki »KaHapFel OPHATHUIFAH TOPT IIaH OYpHIIBIMEH jkaOapikTanraH. Kasanmeikra Kaparanms
katapaarsl keMipaiH (KP-200) mags! xarsmanst, Kynairi 35,1%, YIIKBIITEH DIBFRIMBL 22%, sUTFaNIsUIbEsl 10,6%
JKOHE kKaHy KbUTyHl 18,55 Mmk/kr. ['a3map MeH CYWBIKTHIKTApIbIH aFbIMBIH CHIIATTAWTHIH MAaTEMAaTHKAJIBIK MOJCIh
Macca MEH HMIYJBCTHI CakTay TeHAeynepine HerizmenreH. JKpury Oepy mporectepi OonmaThIH aFbIHAAp YILIH,
COH/Iaii-aK KbICBUIFaH OpTajiap YIIIH SHEPrUsiHbl CaKTay TeHJEYiH KOChIMIIIA ISy KaKeT. OPTYpii KypamaacTtap/ibl
apanacTelpy MNpOLIECTEPIMEH, JKaHy peaklHsUIapbIMEeH jkoHe T.0. arbIMJapAa Kocha KOMIIOHEHTTEPIHIH CakTaily
TEHJIEYiH Kocy KaxeT. TypOyJeHTTIK aFbicTap YLIIH TeHJeyJep Kyileci TypOyJIeHTTIK cUraTramaiapra apHaJFaH
KOJIKTIK TECHICYJIEPMEH TOJBIKTRIPhUIAAsl. OTHIH MEH ayaHbIH ailHaJMallbl arbIHAAphl YIIIH JKaJIIbl JKaFaaiaa
KYpAe YLIeNIeMIl €CenTi ISy Tajiar eTilel.

KommbioTepitik Mozenpaey omicTepiMeH 3epTTelui ap Typii pexumzaepi Oepy orTThIK kamepansl BbK3-75
KocbiMiIa aya apkpuiel OFA-umxkexropsl: OFA=0% (6a3ansik-nycka), OFA=10%, OFA=18%. XKyprisinren ecenrey
AKCIEPUMEHTTEPIHIH HOTIDKECIHIE OTTHIK KaMepaHbIH 0apiblK kesnemi OoifprHma CO KeMipTeri OKCHATEPiHiH JKOHE
NO; a30T AHMOKCHII KOHICHTPAaUWSUIapbIHBIH OemiHyi ambiHAsl. OFSA-TeXHONOTHSCHIH EHTI3YAIH €H MaHBI3IIBI
HoTIKeci oHBIH KoMeriMeH OFA=18%-ra 25%-ra xone CO kemipreri okcuni 36%-ra malimanany Ke3iHOE OTTHIK
KaMmepachlHaH ImbFyna NO; a30T IOHOKCHAI KOHIEHTPAIMACHIHBIH TOMEHIEyl Ooibin TaOblmamel. AJBIHFAH
notmwkenep "Overfire Air" (OFA) TexXHOJIOTHSCHIH €HTi3y JKbUIy Macca ajMacy MpOLIECIHE OH dcep eTelli JKoHe
3USIH/IBI 3aTTAP/IbIH LIBIFAPBLTYBIH a3alTyFa MYMKIHAIK Oepe/ii JereH KOPbIThIH/bI JKacayFa MYMKIH/IIK Oepei.

I1. Ilagapxux', C.A.Boxerenosa >3, A.A. Tyskoaes?, B.JO. MakcumoB?,
A.O. Hyreimanosa?, JK.K. lllopran6aesa?, C.A. Boserenosa’

'Yemckmii TexHMIeCcKuii yauBepcHTeT B Ipare, [Ipara, Yermckas Pecry6imka;
?Ka3axcKuii HAMOHAIBHEIN YHUBEPCHTET MMeHH anb-Dapadu, AnMarsl, Kasaxcran;
3 Hay4HO-HCCIIENOBATENBCKAI HHCTHTYT SKCIIEPUMEHTAIIBHOM M TEOPETHIECKOMN (PH3HKH,
Anmatsl, Kazaxcran

HNCCJIEJOBAHHUE XAPAKTEPUCTHUK TEIIVIOMACCOIIEPEHOCA
TP BHEJIPEHUU TEXHOJIOT'MUA CTYIIEHYATOI'O 'OPEHUA TOIIVINBA
HA KOT.JIE BK3-75 IIAXTUHCKOM T31]

AHHOTanusi. B ycrnoBusIX HCTOIIEHMS NPUPOIHBIX JHEPrOPECYpCOB M 3arpsi3HEHHs OKPY)KAIOIEH cpessl
pelieHne NpoOJIeMbl SHEPTETUIECKOW M AKOJIOTHUECKON O€30IacHOCTH SIBIISIOTCS Ba)XKHEHIIUMM 3a/auaMH HOBOH
JHEPreTHYeCKoil crpatermd. KaszaxcTaH pacrojiaraeT OrPOMHBIMH 3allacaMM SHEPreTHYECKHX PecypcoB,
JOCTAaTOYHBIMH VISl YIOBJICTBOPEHHSI HE TOJBKO CBOMX MOTPeGHOCTEH, HO M IUIsl SKCIOPTa B IPYrUe PErHOHBL. B
OamaHce SHEPreTHIECKUX PECYPCOB PECIyOIUKH Mpeo0IagaroT KaMeHHBIE M, B MEHBIIEH CTereHH, Oypele yriu. B
mupe Ha yroubHbeIX TOC BeIpabateiBaercs Oonee 50% armekTpuyuecKoil M TEIIOBOK 3Hepru, a B Kazaxcrane — moutu
85%. B Ka3zaxcraHne o4eHb OCTPO BCTAaeT BOIPOC O TMOBBILEHUH 3(PHEKTHBHOCTH MPOLECCOB, CBSI3AHHBIX C
IPOU3BOACTBOM 3HEPTHH, IPH COONIIOAEHUH CTPOTHX HOPM BBIOpOCa BPEAHBIX BEIIECTB. B 3ToH cBsA3M co3paHue
9HEeprod(PEeKTUBHBIX TEXHOJOTHH, MO3BOJISIONINX KOHTPOJIUPOBATh OCHOBHBIE MPOLECCH (POPMUPOBAHUS BPETHBIX
MBUIEra30BbIX BBIOPOCOB, W pa3pabOTKa PpPEKOMEHJALWi 10 WX CHIKEHHIO SIBISIETCS aKTyaJbHOW 3ajadei
TCIJIOOHCPI'CTUKH. I/ICCﬂeﬂOBaHl/Iﬂ B 06J'IaCTl/I MMPOTPECCUBHBIX TEXHOJOTHYCCKUX IMPOLECCOB IO COBEPIICHCTBO-
BAaHHWIO OJHEPreTHYECKMX YCTAHOBOK CXKMIAHUS IBUICYTOJBHOTO TOIUIMBA W HCIIOJIBb30BAHHIO aJbTEPHATUBHBIX
METOJIOB C)KUT@HMS PAa3IMYHbIX BHJOB TOIUIMBA SIBJIAIOTCS B HAcTOsIIEeE BpeMs HanOosee aKTyalbHBIMH JUISl BCETO
SHEpreTHdecKoro komiekca Pecryomiku Kazaxcran.

VmeroTest pasnuyHbIE METOIBI COKpAlIeHHs BBIOPOCOB BPEIHBIX BELIECTB, HamOoliee IIeIecOO0pasHBIM U3
KOTODBIX SBJISICTCSI BHEAPEHHE TEXHOJOTUH ITOJNABJICHHUS OKCHAOB a30Ta HA CTaAUM COKMI'AHHS TOIUIMBA B TOIOYHOM
kamepe. CTyrneHuaToe CoKUraHue TorummBa — TexHonorus «Overfire Airy (OFA) sBmsercs oganM u3 3(h(HEKTHUBHBIX
METOZIOB CHI)KEHHS KOHLEHTpauuu okcuaoB azorta NOy. CryneHyaras mojada BO3[yXa B TOIIOYHOE IPOCTPAHCTBO
npu OFA-TexHONOTHH 3aKiIOYaeTcs B Iojade HEOoOXOIMMOro o0beMa BO3IyXa IS COKMI'aHHMS YIS CIEAYIOLINM
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obpazom: 70-90% Bo3xyxa momaercs B ropenku U 10-30% — gepe3 OFA-HH)XEKTOpBI, KOTOPBIE PACIIOIOXKEHBI HaL
rOpEJIOYHBIMU  YCTpOMCTBaMH. B  3TOM cilyyae B HM)KHEH 4YacTM TOIOYHOIO YCTPOMCTBAa CO34aercs
HU3KOTEMIICpATypHas 06eI[HeHHaﬂ KUCJIOpOAOM U O6OFalIleHHaﬂ TOIIVIMBOM 30Ha IOpC€HUs, YTO IMO3BOJIACT CHU3UTDH
obpazoBanne NOx u3 asora tormsa (tormBHble NOX). B To e Bpems Hu3Kkas Temreparypa B oOoramieHHOW
kuciopogoM 30He OFA-WHKEKTOpOB NPHBOAWT K MUHHMMHU3auuu oOpasoBanuss NOX U3 Bo3myxa (TepMHuUecKHE
NOx).

B naHHOI cTaTbhe MpenCcTaBiIeHbl PE3yNbTaThl BHIYMCIUTEIBHBIX SKCIEPHMEHTOB MO BHEIPEHUIO TEXHOJIOTHU
«Overfire Air» (OFA) nHa mnpumepe Ttonownoil kamepsl korina BbK3-75 Illaxtuuckoit TOLl. Koren BK3-75
000pyZOBaH YETHIPbMS MBLICYTOJIBHBIMHI TOPEIKAMH, YCTAHOBICHHBIMH 110 JBE TOPEIKH C ()POHTA M C ThIIA B OJHWH
apyc. B kotne cxuraercs msutb Kaparananackoro psposoro (KP-200) yris, 3ompHOCTBIO 35,1%, BRIXOJOM JIETyUHX
22%, BmaxsaOCTRIO 10,6% wm Temmoroit cropanus 18,55 MJ/kg. TedeHne ra30B M JKHUAKOCTEH OIHMCHIBACTCS
MaTeMaTH4eCcKOH MOAENbBI0, OCHOBAHHON Ha YPaBHEHUSIX COXPAHEHMS MAacChl U UMITyJIbca. J[j1 MOTOKOB, B KOTOPBIX
MPOUCXOIAT IMPOLECCH TEIUIONEPEeiadn, a TAKKE Ul CKUMAEMBIX Cpell HEOOXOAMMO [ONOJHHUTEIBHO PEIaTh
ypaBHEHHE COXPAHEHHMs SHEPTUH. B TedeHUsIX ¢ nmporeccaMy CMEINBaHUS Pa3IMYHBIX COCTABIISIIOLINX, C PEAKLIUSIMU
TOPEHHUS U Jp. HEOOXOIMMO J00aBUTh YPABHEHHUE COXPAHCHHUS KOMIIOHCHTOB cMecH. J[iist TypOyIeHTHBIX TeYCHUH
cUCTEeMa YypaBHEHHMH JIONOJHSETCS TPAaHCIIOPTHBIMU YPaBHEHUSIMH MJisl TypOyJEHTHBIX XapakTepucTHk. Jlis
BPALIAIOIINXCS TOTOKOB TOILIMBA M BO3/lyXa TpeOyeTcs B 00LIeM cllydae pellieHne CI0KHON TPeXMEpHOH 3a1auu.

Mertonamu 3-D KOMIBIOTEPHOTO MOJIEIMPOBAHMS HCCIIEIOBAHBI Pa3JIMUHBIE PEXHMMBI I0JIA4M B TOIOYHYIO
kamepy komna BbK3-75 nonomnurensHoro Bo3ayxa uepe3 OFA-nmxextoper: OFA=0% (0a30Bbli BapuaHT),
OFA=10%, OFA=18%. B pe3ynapraTe IpOBEJCHHBIX BBIYUCIUTEIBHBIX JSKCIEPHUMEHTOB OBUIM IOJIY4EHBI
pactipeneneHus KOHIeHTpanwii okcuaos yriaepona CO u nnokcuaa azora NO; o BceMy 00beMy TOMOYHOH KaMepHl.
Hanbonee BaXHBIM pe3y/NbTaTOM BHEAPEHUS CTyleH4aToro cxuranus tomnmsa (OFA=18%) sBisercs cHIbKeHHE
KOHIIeHTpauuii auokcuaa azota NO> Ha BBIXOAE M3 TOMOYHOW Kamepsl Ha 25% u oxcuma yriepoxa CO Ha 36%.
[TomydeHHbIE pe3yabTaThl MO3BOJISIIOT CAENATh BBIBOJL O TOM, YTO BHEIPEHHE TEXHOJIOTHH CTYIICHYATOTO CXKHTaHUS
torumBa (OFA) TOJOXHUTENbHO BIMSAET Ha TMPOIECC TeruioMaccooOMeHa B KaMepe CropaHus W IO3BOJISET
MHUHHUMH3HPOBATh BIOPOCHI BPEIHBIX BEIECTB Ha Ka3zaxcTaHckux TOLL.
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