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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 NOXx in the area of the burners by reducing excess air, and the amount of thermal
NOXx 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 NOx emissions.. When used in combination with other measures to control and suppress the
formation of NOy, 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
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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 NOx from the air (thermal NOy).

To model heat and mass transfer in the presence of physicochemical processes, the fundamental laws
of conservation of such guantities 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%, ¢ ) 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%.
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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?.
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Figure 4 - Distribution of the concentration of nitrogen dioxide NO2 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 NO2, which will improve the environmental situation at coal-burning thermal power plants in the
republic.
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IMAXTHUHCK K90 BK3-75 KASAH/JIbIFbIHJIA OTBIHHBIH CATBILJIbI
KAHY TEXHOJIOT'USICBIH EHI'I3Y KE3IHJEI'T
KBLITY MACCA AJIMACY CHITATTAMAJIAPBIH 3EPTTEY

AnHoTanus. TaOury SHEpPrus pecypcTapbIHBIH CApKBUTYHI JKOHE KOpIIaFaH OPTAaHBIH JIACTAaHYBI JKardaibIHIa
JHEPTreTHKANIBIK JKOHE OSKOJOTHSIBIK KayilCi3miK NpoONeMachlH IIeNly >KaHA DSHEPreTHKAJIbIK CTpPaTeTHsSHBIH
MaHBI3IB MiHAeTTepi Oombim TaObIanel. KazakcTan e3iHIH KaKeTTUTIKTEpiH KaHaFaTTaHABIPY VIIiH FaHa eMec, 0ackKa
OHIpJiepre SKCIOPTTAay YLIIH Jie ETKUIKTI dHepreTHKaJbIK PEecypcTapAblH YJIKeH KOopblHA ue. PecnyOnvkaHbIH
SHEPIeTUKAIBIK PECYPCTaPhIHBIH TEHICPIMIH/IE TAC XKOHE a3 AOPESKEAC KOHBIP KoMip O0acsiM. ByriHae anemzae keMip
KDC-na anextp xoHe buly dHeprusichiHbH 50%-man acrambl, an Kasakcranga — 85%-ra KybIFbl O©HIIpLIE.
Kazakcrania 3ustHIB! 3aTTapbl MIBIFAPYAbIH KaTaH HOpMaJlapblH CAaKTail OTHIPBIN, SHEPrusl eHIipyre OaiIaHbICTHI
NPOLECTEPIiH THIMAUINIH apTThIpy Typajbl Maceiae ore oTkip Typ. Ocbrran OaimaHblcThl 3ustHiubl [llan-ra3
HIBIFapBIH/IBIIAPBIH  KAJIBINTACTHIPY/IBIH HETI3Ti NpolecTepin OakpliayFa MYMKIHIIK OepeTiH SHEPTHsUIBIK THIMII
TEXHOJIOTHSUIApABI KYpy JKOHE OJaplbl TOMEHIETY >XOHIHJET1 YCBHIHBICTApABI 33ipiiey KbUTYy IHEPreTHKACHIHBIH
o3eKkTi MiHAeTi Oombim TaOBUIanbl. [IlaHKOMIpIi OTHIHBIH KaFyIbIH YHEPTETUKAIBIK KOHIBIPFBUIAPBIH JKETUIIIPY
JKOHIHJET] TPOTPECCUBTI TEXHOJIOTHSUIBIK IPOLECTEp CaJaChIHAAFbl 3epPTTEyNep >OHE OTHIHHBIH 9p TYpJIepiH
JKaFyIbIH OajlamMalibl oflicTepiH malmanany Ka3ipri yakbirta Kasakcran PecryOmmkachiHBIH OapibIK SHEPTeTHKAIBIK
KeIIeHi YIIiH HeFYPIIBIM ©3€KTi OOJIBI TaObLIaIEL.

A3OT OKCHATEPiHIH MIBFapBIHABUIAPEIH a3alTyABIH OPTYPIIi oxicTepi 6ap, oJapAbIH iMIiHAE OTHIHABIK Kamepana
OTBHIH/IBI JKaFy CaTBICBIHAA a30T OKCHUATEPiH 0acy TEXHOJOTHSCHIH €HTi3y HEFYPJIBIM OPBIHABI OOJBIN TaOBLIAIHI.
Otbiagpbl cathuibl xkary - "Overfire Air" (OFA) texnonorusicbl NOy a30T OKCH1I KOHLEHTPALMSICHIH TOMEHACTYAIH
THIMAL dnicTepiHiH Oipi 60xbI TabbIanel. CaThUTEI ayaHbI OTTHIK KeHicTiK ke3inge OF A TexHomorusuiap sxacanapl
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Oepyze KaxerTi aya kejemi yuliH kemipai skary Obutaiima: 70-90% aya Oepineni orreikrapbl skoHe 10-30% —
apkputl OF A-MH)XEKTOpBI OpHalacKaH YCTIHEH >KaHApFbl KYPBUFbUIAPBL. byil arnaiiia OTBIHIBIK KYPHUIFBIHBIH
ToMeHri OeJiriHjie OTTeriMeH a3laraH TOMEH TeMIeparypaibl JKOHE OTHIHMEH OalbIThUIFAH >KaHy aiMarbl
KypbL1aJpl, Oyl OThIH a30ThiHaH NOX Ty3inyiH TemMenaeTyre MyMKiHaik oepeni (oreiHabik NOx). CoHbIMEH Karap,
OFA-uHXEeKTOpJIap/IbIH OTTETIMEH OaMBITHUIFAaH aiMaFbIHIAFbl TOMEH TeMIieparypa ayagan NOX Ty3uUIyiH a3aiTyra
akeneni (TepmusabiK NOX).

Byn makanana [llaxtuack K30 BK3-75 Ka3aHABIFBIHBIH OTTHIK Kamepachl Mbicanbiaga "Overfire Air" (OFA)
TEXHOJIOTHSCHIH €HTi3y OOMBIHIIA ecenTey JKCIepUMeHTTepl ychiHburaH. BK3-75 KasaHABIFBI MaiilaHHAH JKoHE
ThUIAH Oip KabaTKa €Ki jKaHapFbl OpHATBUIFAH TOpPT HIaH OyphIIbIMEeH jkadnpikTanrad. Kasanapikra Kaparanast
karapaarsl keMipaiH (KP-200) mags! xarsmanst, Kynairi 35,1%, YIIKBIITEH MBFRIMBL 22%, sUFangsuibrsl 10,6%
JKOHE KaHy KbUTysl 18,55 Mmk/kr. ['azmap MeH CYWBIKTHIKTApIbIH aFbIMBIH CHITATTAUTHIH MAaTEMATHUKAJIBIK MOJIEIH
Macca MEH WMIYJBCTHI CaKTay TeHAeynepine HerizmenreH. JKpury Oepy mporectepi OONaThIH aFbIHOAp YIIIH,
COHJIaif-aK KBICBUIFaH OpTajap YIIiH SHEePTUSHBI CaKkTay TEHJIEYiH KOCBIMINA MIENTy KaKeT. OPTYPIi KypaMaacTapabl
apajacTelpy MpoIecTepiMeH, JKaHy peakIusIapbiMeH KoHe T.0. aFsIMIapAa KOocma KOMIIOHEHTTEPiHiH CaKTalry
TEHJIEYiH Kocy KaxeT. TypOyJNeHTTIK aFpicTap YIIIH TeHaeyJep Xyiieci TypOyJNeHTTIK cUnaTTaMaliapFa apHajfaH
KOJIKTIK TEHJEYJEePMEH TONBIKTHIpbUIaabl. OTBIH MEH ayaHblH aiHaIMallbl aFblHAApbl YIIIH JKajmbl JKaraaiina
KYpJeJi YIIOIIMIEM Il €CEIIT] STy Talall ST

KommbloTepitik Monenbaey omicTepiMeH 3epTTelai op Typil pexumuaepi Oepy oOTTBIK kamepanbl BbK3-75
KocbiMiIa aya apkpuibl OFA-umxkexkropsl: OFA=0% (6a3anbik-nycka), OFA=10%, OFA=18%. JKyprizinren ecenrey
9KCIEPUMEHTTEPIHIH HOTHXECIHIE OTTHIK KaMepaHbIH O0apibIK KeseMi OoiibiHma CO KeMipTeri OKCHATEPiHIH JKoHe
NO; a30oT nnoKcHII KOHIEHTpaUMsUIapbIHBIH OemiHyl aneiHAsl. OFSA-TeXHOIOTHSCHIH CHTI3YAIH €H MaHBI3IIBI
HoTIKeci oHBIH KoMeriMeH OFA=18%-ra 25%-ra xone CO kemipreri okcuni 36%-ra maiimanany Ke3iHOE OTTHIK
kamepacbiHaH MmibiFyna NO; a30T IHOKCHII KOHIECHTPAIMSCHIHBIH TOMEH/EYlI OoJblll TaObUIaAbl. AJBIHFaH
votmwkenep "Overfire Air" (OFA) TeXHOIOTHACHIH €Hri3y XKBUIy Macca ajMmacy MpoIleciHe OH ocep eTeAi JKoHe
SHUSTH/IBI 3aTTap/ABIH MIBIFAPBUTYBIH a3aiTyFa MYMKIHAIK Oepei JereH KOPBITHIH/ABI KacayFa MyYMKIHIIK Oepei.
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HNCCJIEJOBAHHUE XAPAKTEPUCTHK TEIIJIOMACCOIIEPEHOCA
TP BHEJIPEHNU TEXHOJIOT MU CTYIIEHYATOI'O 'OPEHUSA TOIIVINBA
HA KOTJIE BK3-75 IIAXTUHCKOM T3I]

AnHOTanusi. B ycnoBusX HCTOIIEHMS NPUPOTHBIX JHEPrOPECYpPCOB M 3arpsi3HEHHs OKPY)KaIoIeH cpesl
pelieHne MpoOJIeMbl SHEPTETHUIECKOW M IKOJIOTHYECKOH Oe30MacHOCTH SIBISIIOTCS BaKHEHIIMMH 33ja4aMi HOBOW
SHepreTudeckoi crparermu. KaszaxcraH pacriojgaraeT OTpOMHBIMH  3allacaMd  JHEpPreTHYECKHX Pecypcos,
JIOCTaTOYHBIMHU JJISI YJIOBJIETBOPEHHSI HE TOJBKO CBOMX MOTPEOHOCTEH, HO M Ul SKCIOpTa B APYrHe pPernoHsl. B
GanaHce SHEPreTHYECKUX PECypCOB PECHyOIMKH Mpeo0alaloT KaMeHHBIE W, B MEHBIICH cTeneHH, Oypsie yriu. B
mupe Ha yroasHbIX TOC BeIpabatsiBacTcs 6oiee 50% 3MeKTpHUIECKOM U TEINIOBOH »Heprun, a B Kasaxcrane — mouru
85%. B Kazaxcrane odeHb OCTPO BCTAaeT BOIPOC O MOBHILCHUH 3(P(HEKTHBHOCTH MPOIECCOB, CBSI3aHHBIX C
MIPOM3BO/ICTBOM SHEPTHH, MPU COOMIOJEHUH CTPOTMX HOPM BBIOpOCAa BpEIHBIX BEUIECTB. B 3TO# cBsA3M co3nanne
9HEeprod(PEeKTUBHBIX TEXHOJOTHH, MMO3BOJISIONINX KOHTPOJIMPOBATH OCHOBHBIE IPOLECCHl (POPMUPOBAHHS BPEIHBIX
IIBUIETa30BbIX BBIOPOCOB, U pPa3paboTKa PEKOMEHJALMII MO MX CHI)KEHHMIO SABISIETCSl aKTyalbHOW 3amadeit
TerIosHepreTuku. McciaenoBaHus B 00JACTH MPOTPECCHBHBIX TEXHOJIOTHUYECKHX MPOLIECCOB IO COBEPILICHCTBO-
BaHHUIO DJHEPreTHYECKUX YCTAHOBOK CXKMI'AHUs IBUIEYTOJBHOTO TOIUIMBA W WCIIOJIBb30BAHHUIO albTEePHATUBHBIX
METOJIOB CKUT@HHS PAa3JIMYHBIX BHJOB TOIUTHBA SIBJISAIOTCSI B HACTOsIIEE BpeMs HanOoyee aKTyalbHBIMH JUISi BCETO
sHepreTudeckoro komuiekca Pecrry6iuxu Kazaxcran.

Wmerorcst pa3nuyHble METOIBI COKpAIlEHHs BHIOPOCOB BPETHBIX BEIIECTB, HauOojee IeecooOpasHbIM U3
KOTOPBIX SIBJISICTCS BHEAPEHNE TEXHOJIOTHH TTO/IaBJICHHS OKCHIOB a30Ta Ha CTAJUH CXKUTaHWS TOIUIMBA B TOHOYHON
kamepe. CtyneHvaroe cxuranue torumsa — texHosnorust «Overfire Air» (OFA) siBasiercst oqHUM U3 3QQEKTUBHBIX
METOJIOB CHIDKEHHSI KOHIEHTpalu okcuaoB a3ota NOy. CTyneHdaras mojada Bo3LyXa B TOIOYHOE IPOCTPAHCTBO
npu OFA-TexHONIOTHH 3aKiIOYaeTcs B Mojade HEOOXOIMMOro 00beMa BO3IyXa IUIS COKMI'AaHHMS YIS CIEAYIOINM
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obpazom: 70-90% Bo3nyxa mogaercst B ropeniku u 10-30% — yepe3 OF A-HHKXEKTOPBI, KOTOPBIE PACIIOJIIOKEHBI HAll
rOpEeJIOYHbIMU  YCTpOMCTBaMH. B 3TOM cilyyae B HM)KHEH 4YacTM TOIOYHOIO YCTPOWMCTBAa CO34aercs
HHU3KOTeMIlepaTypHast 00elHeHHasi KHCIOPOJOM M O0OTallleHHasi TOIIMBOM 30HA TOPEHUS, YTO MO3BOJISIET CHU3HUTh
obpazoBanue NOx u3 azora torumBa (toruuBHble NOX). B To e Bpems Hu3kas Temreparypa B oOoramieHHOW
kuciopoaoM 30He OFA-MHXKEKTOpOB NMPHUBOAMT K MUHHMM3aUUU obOpa3oBaHus NOX U3 Bo3Iyxa (TepMHUECKHE
NOX).

B naHHOI cTaThe MpencTaBiIeHbl PE3yNbTaThl BHIYMCIUTENBHBIX SKCIEPHMEHTOB MO BHEIPEHUIO TEXHOJIOTHU
«Overfire Air» (OFA) na npumepe TomouHoil kamepsl kotna BK3-75 Ilaxtuuckoit TOL. Korten BK3-75
000pyZOBaH YEeTHIPbMS MTBUICYTOJIBHBIMHI TOPEIKAMH, YCTAaHOBJICHHBIMH TI0 JBE TOPEJKH C (PPOHTA M C ThIJIA B OJWH
apyc. B kotne cxuraercs msutb Kaparananackoro psposoro (KP-200) yris, 3ompHOCTBIO 35,1%, BBIXOJOM JIETYYHX
22%, Buaxuocthio 10,6% wu Temnortoit cropanms 18,55 MJ/Kg. TeueHue ra3oB M KHUIAKOCTEH ONKMCHIBACTCS
MaTeMaTH4eCKON MOJENbI0, OCHOBAaHHON Ha YPaBHEHHUSIX COXPAHEHHS MAacChl U UMITyJIbca. [ MOTOKOB, B KOTOPBIX
MPOMUCXOJAT IMPOIECCH TEIUIONEPEaun, a TAKKE Ul CKUMAEMbBIX Cpell HEOOXOAMMO [OMOJHHUTENBHO pEIaTh
ypaBHEHHE COXPAHEHHMS SHEPTUH. B TedeHMsIX ¢ mpoleccaMy CMEINBAHNS Pa3InYHBIX COCTABIISIIONINX, C PEAKIIHSIMA
TOpeHHs U JIp. HEOOXOAMMO J00aBUTh ypaBHEHHE COXPAHEHHS KOMIIOHEHTOB cMecH. [t TypOyJNeHTHBIX TeueHHiH
cUCTEeMa YypaBHEHHMH JIOTOJHSETCS TPAaHCIIOPTHBIMU YPAaBHEHUSIMUA MJisi TypOyJEHTHBIX XapakTephcTuk. Jlims
BPAIIAOIINXCS TOTOKOB TOIIIMBA U BO3LyXa TpeOyeTcsl B 00IIEM ClIydae pEIICHUE CI0KHOM TPeXMEepHOH 3a1aun.

Mertonamu 3-D KOMIBIOTEpPHOTO MOJETMPOBAHMS HCCIENOBAaHBl Pa3JIMUHBIE PEXHUMBI MOJIAYM B TOIOYHYIO
kamepy komina BK3-75 nonomnurensHoro Bo3ayxa uepe3 OFA-umxextoper: OFA=0% (0a3oBbIi BapuaHT),
OFA=10%, OFA=18%. B pe3ynpraTe IpOBEJCHHBIX BBIUYUCIUTEIBHBIX OSKCIEPUMEHTOB OBUIM MOJIYyYEHBI
pacrpezneneHus KoHIeHTpanuid okenaoB yraepoaa CO u quokcuaa azora NO» 1o BceMy 00beMy TOIIOYHOM KaMephl.
Hanbonee BaXHBIM pe3yNbTaTOM BHEAPEHUS CTyleH4aToro cxuranus tormmsa (OFA=18%) sBisercs cHIDKeHHE
KOHIIEHTpauuii auokcuaa azota NO, Ha BBIXOAE M3 TOIMOYHOW Kamepsl Ha 25% u oxcuma yriepoma CO Ha 36%.
[ToydeHHbIE pe3yabTaThl MO3BOJISIOT CAENATh BBIBOJI O TOM, YTO BHEAPEHUE TEXHOJOTHH CTYIICHYATOrO CXKHTaHUS
tormuBa (OFA) monoXWTenbHO BIHMAET HA TIPOILECC TeruioMaccooOMeHa B Kamepe CrOpaHds M TO3BOJISET
MHUHHAMH3HPOBATh BBIOPOCHI BPEIHBIX BEIECTB Ha KazaxcTaHckux TOLL.
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