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NUMERICAL SIMULATION OF HEAT
AND MASS TRANSFER AT THE PARTIAL STOP
OF FUEL SUPPLYING IN THE CHAMBER OF TPP

Abstract. In this article, using numerical methods, studies have been performed to determine the effect of a
forced partial stop of coal dust supply (emergency mode) through burners on the main characteristics of the
combustion chamber of the BKZ-75 boiler of the Shakhtinskaya thermal power plant. Using computer simulation
methods, various modes of supplying pulverized coal into the combustion chamber were investigated. Direct-flow
method of supplying air mixture, when only two direct-flow burners work out of four burners, and two are in
emergency mode. The vortex method of supplying the mixture, when two vortex burners operate with four torches
with a swirl angle of the mixture flow and tilting them to the center of symmetry of the boiler by 30 degrees, and two
are in emergency mode. The performed computational experiments made it possible to obtain the main
characteristics of the heat and mass transfer process in the combustion chamber: flow aerodynamics, temperature
fields, and concentrations of harmful substances (carbon and nitrogen dioxides) in the combustion chamber and at its
exit. A comparative analysis was carried out for the two investigated emergency conditions (direct-flow and vortex),
on the basis of which it was concluded that in the event of a forced partial stop of the burners, the use of a vortex
method of supplying air mixture improves the metabolic processes in the combustion chamber and reduces emissions
of harmful substances into the atmosphere.

Key words. Computational experiment, numerical simulation, pulverized coal fuel, emergency mode, aerosol
mix, aerodynamics, temperature and concentration fields, combustion chamber.

Introduction

Coal, oil, gas, oil shale, peat, urine, etc. are the main sources of energy; their share is up to 93%.
Among the geological fuel and energy resources, the largest reserve in the world belongs to solid fuel, the
gross volume of which is estimated at 6.3 trillion tons of standard fuel. Moreover, the volume of solid fuel
is 3970 billion tons of fuel equivalent, oil and gas are about 800 billion and 900 billion tons of
conventional fuel, respectively [1]. According to expert estimates, the share of coal in the structure of the
world fuel and energy balance is about 27%.

Combustion of energy fuel is accompanied by the formation of dust and gas emissions harmful to the
environment, the amount of which depends on the technology and modes of combustion of coal dust, as
well as on its composition [2-6]. The most important pollutants entering the atmosphere when burning
pulverized coal in combustion chambers are particulate matter (ash, dust, soot particles), as well as gas
emissions (nitrogen, carbon, sulfur oxides, etc.) [7-15]. Currently, it is necessary to develop “clean”
technologies for generating electricity.

The emergency shutdown of the boiler can be in the following cases: when the steam pressure in the
boiler rises above the permissible one; due to malfunction of the pressure gauge and all water indicating

— 166 ——




ISSN 1991-346X 2. 2020

devices; the presence of significant damage to the elements of the boiler; detection of abnormalities in the
operation of the boiler. The scheduled shutdown of the boiler is carried out according to the schedule; a
short shutdown of the boiler unit can be caused by a violation of its normal operation due to equipment
malfunction or for other reasons that can cause an accident. Short-term shutdown of the boiler unit may be
caused by a violation of its normal operation due to equipment malfunction or for other reasons that may
cause an accident [16-17].

Below are the results of a study of heat and mass transfer processes at a partial stop of the fuel supply
to the combustion chamber of a thermal power plant, which allows us to suggest ways to optimize the
combustion process and minimize emissions of harmful substances. To conduct computational
experiments, 3D modeling methods and modern computer software packages were used. The real
combustion chamber of the operating boiler BKZ-75 of the Shakhtinskaya TPP (Shakhtinsk, Kazakhstan)
was chosen as the object of study [18-23], in which high-ash Kazakhstan coal is burned. The results
obtained made it possible to determine the effect of swirling of the pulverized coal flow during a forced
partial stop of the supply of coal dust through the burners on the main characteristics of the combustion
chamber.

Physical statement of the problem

For carrying out computational experiments, the boiler combustion chamber was chosen, which is
equipped with four dust-coal burners installed two burners from the front and from the rear in one tier [24-
25]. Below are a general view of the combustion chamber of the BKZ-75 boiler (figure 1a), its breakdown
into control volumes for numerical simulation (figure 1b) and the design of burners (figure 1 ¢, d). The
finite-difference grid (figure 1b) for numerical modeling has steps along the X, Y, and Z axes: 59x32x67,
which are 138 355 control volumes.
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Figure 1 - A general view of the combustion chamber of the BKZ-75 boiler (a),
its breakdown into control volumes for numerical simulation (b) and the design of burners:
c) direct-flow method of supplying air mixture; d) vortex method of supplying air mixture

The design of the burners of the combustion chamber of the BKZ-75 boiler during emergency mode
(off burners are marked in red) are shown in figure 1 ¢, d. Two modes of fuel supply were investigated: a
direct-flow method of supplying air mixture, when only two direct-flow burners operate from four
burners, and two are in emergency mode (figure 1c) and the vortex method of supplying the mixture,
when two vortex burners operate with four torches with a swirl angle of the mixture flow and tilting them
to the center of symmetry of the boiler by 30 degrees, and two are in emergency mode (figure 1d).
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Results and discussion

Figures 2-8 show the results of computational experiments: aerodynamics of the flow, temperature
and concentration fields of carbon monoxide, nitrogen dioxide for two cases of fuel supply to the
combustion chamber of the BKZ-75 boiler (direct-flow and vortex).
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Figure 2 - Distribution of the full velocity vector in the region of the burner (z = 4.0 m) combustion chamber
of the boiler BKZ-75 in emergency mode:
a) direct-flow method of supplying air mixture; b) vortex method of supplying air mixture
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Figure 3 - Distribution of the full velocity vector in the central longitudinal section (y=3.3)
of the combustion chamber of the boiler BKZ-75 in emergency mode:
a) direct-flow method of supplying air mixture; b) vortex method of supplying air mixture

The distribution of the field of the full velocity vector in various sections of the combustion chamber
of the BKZ-75 boiler during emergency mode for the two studied modes of supply of air mixture (direct-
flow and vortex) are shown in figures 2-3. An analysis of the figures shows that in the region of the
burners with the direct-flow method of supplying the mixture, the flows colliding in the center at a right
angle (figure 2a) are cut and, combined into two main flows, are directed to the exit from the combustion
chamber (figure 3a).With the vortex method of supplying air mixtures (figure 2b), it is seen that flows
counter-directed at an angle of 30° form a “vortex” flow in the center of the combustion chamber.
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After the collision, the flows are additionally dissected into two vertical vortices above the burner
installation zone, closer to the center of the combustion chamber, which favorably affects the mixing of
fuel and oxidizer and, accordingly, the completeness of combustion of pulverized coal dust (figure 3 b).
The main advantage of the vortex air mixture supply method is the provision of intensive heat and mass
transfer in the reacting two-phase mixture due to the stable highly turbulent vortex flow.

A comparative analysis of the distribution of the average temperature in the cross section along the
height of the combustion chamber of the BKZ-75 boiler during emergency mode for the two studied
modes of supply of air mixture (direct-flow and vortex) is shown in figure 4. It can be noted that during
the vortex flow of the air mixture, an increase in the length of the zone of maximum temperatures and a
decrease in it at the exit from the combustion chamber are observed. The minimum in the curves are
related to the low temperature of the air mixture entering the combustion chamber through the burners
(z = 4 m). The temperature at the exit of the combustion chamber is confirmed by experimental data at
TPPs [26] and to theoretical values obtained by the method of thermal calculation the CBTI [27].

An increase in temperature in the core of the torch and a decrease in it at the exit from the combustion
chamber affect the chemical processes of combustion and the formation of harmful substances, such as
carbon monoxide CO and nitrogen dioxide NO.. An analysis of this effect can be done by considering
figures 5-6, which show the distribution of the concentration of carbon monoxide CO and nitrogen
dioxide. NO; the height of the combustion chamber, operating in emergency mode, for two methods of
supplying air mixtures (direct-flow and vortex).
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Figure 4 - Distribution of the temperature t along the height of the combustion chamber of the BKZ-75 boiler
in emergency mode: 1- direct-flow method of supplying air mixture; 2 - vortex method of supplying air mixture;
@ - experimental data at TPPs [26]; A - is theoretical values obtained by the method of thermal calculation
(CBTI - Central Boiler-and-Turbine Institute) [27]
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Figure 5 - Distribution the concentration of carbon monoxide Figure 6 - Distribution the concentration of nitrogen dioxide
CO at the exit of the combustion chamber the boiler BKZ-75 NO: at the exit of the combustion chamber the boiler BKZ-75
emergency mode: emergency mode:
1 - direct-flow method of supplying air mixture carbon 1 - direct-flow method of supplying air mixture nitrogen
monoxide CO; 2 - vortex method of supplying air mixture dioxide NOz; 2 - vortex method of supplying air mixture
carbon monoxide CO nitrogen dioxide NO2
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Figure 5 shows the distribution curves of the average concentration of carbon monoxide over the
height of the combustion chamber of the BKZ-75 boiler during emergency mode for the two cases studied.
An analysis of the figure shows that, at the exit, the concentrations of carbon monoxide CO are - 5.2:10* kg/kg,
for the vortex method of supplying air mixture - 3.410“ kg/kg. The distribution of the average
concentration of nitrogen dioxide NO, over the height of the combustion chamber of the BKZ-75 boiler
during emergency mode for the two studied methods of supplying air mixture is shown in figure 6. As can
be seen from Figure 6, a uniform decrease in NO, concentration is observed towards the exit from the
combustion chamber, since this region contains less oxygen and a fuel component. In the case of using
burners with swirling of the mixture flow, the temperature along the height of the combustion chamber
monotonously decreases, as a result of which the rate of formation of nitrogen dioxide NO; decreases. At
the exit of the combustion chamber, the average value of the concentration of nitrogen dioxide NO; with
the direct-flow method of supplying the mixture is 688 mg/nm? (figure 6 curve 1), and with vortex burners -
636 mg/nm? (figure 6 curve 2), which is 52 mg/nm? less.

An analysis of the results shows that if the combustion chamber operates in emergency mode, then at
the exit from it, the average concentration of carbon monoxide CO and nitrogen dioxide NO; decreases
when using vortex burners. The calculated values of the concentrations of harmful substances (CO, NO3,)
at the exit from the combustion chamber comply with the MPC standards adopted in the power system of
the Republic of Kazakhstan.

Conclusion

Based on the results of studies of emergency mode of the BKZ-75 combustion chamber, the following
conclusions can be formulated:

e The characteristics of the combustion processes during emergency mode are compared for two
cases: a direct-flow method for supplying air mixture, when only two direct-flow burners operate from
four burners, and two are in emergency mode and vortex method of supplying the mixture, when two
vortex burners operate with four torches with a swirl angle of the mixture flow and tilting them to the
center of symmetry of the boiler by 30 degrees, and two are in emergency mode.

e During the vortex flow of air mixture, an increase in the length of the zone of maximum
temperatures and a decrease in it at the exit of the combustion chamber are observed. The minimum in the
curves are related to the low temperature of the air mixture entering the combustion chamber through the
burners (z=4 m).

e |f the combustion chamber is operating in emergency mode, then at the exit from it, the average
concentration of carbon monoxide CO and nitrogen dioxide NO, decreases when using vortex burners.
The calculated values of the concentrations of harmful substances (CO, NO-,) at the exit from the
combustion chamber comply with the MPC standards adopted in the power system of Kazakhstan.
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YUCJIEHHOE MOJIE/IMPOBAHUE TEIIIOMACCONEPEHOCA
PN YACTHUYHOHU OCTAHOBKE ITIOJAYM TOIIVINBA B KAMEPY CI'OPAHUS T311

AnHoranus. Kazaxcran sSBIsgeTcs OJHUM U3 TOCYIapCTB, 00JaIAI0IMX OIPOMHBIMH 3allacaMi YIIICBOIOPOIOB,
KOTOpPbIE OKa3bIBAIOT CYIICCTBEHHOE BIMSHUEC HA (POPMHPOBAHHUE M COCTOSHHE MHUPOBOTO SHEPreTHUECKOTO PHIHKA.
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Ha teppuropun pecryoinku umeroTcst 3anexu okoso 33,600 mutH. ToHH yriist (3,8% MupoBsIx 3amacoB yris), 30 000 miH.
Oappeneit Hedtn (1,8% MupoBbIX 3amacoB) u 1,5 TpimH KyOomerpos npuponHoro rasza (0,8% MHpPOBBIX 3amacoB).
Bcneacteue storo B Hamiel ctpane 10 85% Bceil BBIPAOOTKM BIEKTPO’HEPIHM HMPOU3BOIUTCS ITyTEM CXKHTAHUS
HCKOTIaeMOT0 TOIUIMBA, TJIAaBHBIM 00pa30M MECTHOTO HH3KOCOPTHOTO YTisl. DHEpProcHaOkeHHe obecrednBaeTcs 3a
CYET TPOM3BOACTBA 3JCKTPOIHEPTHHM HAa 69 3IEKTPOCTAHIUSAX, OCHOBHBIM HCTOYHHKOM KOTOPBIX SIBJISETCS
BBICOKO30JIbHBIA Ka3aXCTaHCKUH yronb OkubacTy3ckoro, Kaparanmmackoro, Typralickoro yrosibHbIX 0acceiHOB.
VYroms B Kazaxcrane obnagaer psiioM MIPEMMYILIECTB: MAJIOE COIEPKAHUE CEPbl, BHICOKUH BBIXOJ JIETyYHX BEIIECTB
Ha CYXYIO 30JIy MEHBIIIE MacChl M HU3Kas II€Ha, IOTOMY YTO yrojb JOOBIBAETCS B OCHOBHOM OTKPBITHIM CIIOCOOOM.
Tem He MeHee, OH XapaKTepHU3yeTCsl HU3KMM KaueCTBOM M3-3a BBICOKOT'O COZAEpI)KaHHWs 30JbI B €ro cocTase (Oosee
40%). Kak crnexcTBue, WCIOJNIB30BAaHUE TAKOTO TOIUIMBA B TEIUIOPHEPreTHKE IPHUBOIUT K MpodieMam B
CTa6I/IJ'[I/I3a[H/II/I IJIaME€HHU W TOPE€HUM B I1ICJIOM, B MIJIAKOBAHWHN KOHBCKTHBHBIX HOBCpXHOCTCﬁ Harpesa (3KpaHOB
nedeil) W B 3arps3HEHMH BO3IyXa JeTyded 3050H, okcuaamu yriepona, azora u cepbl (COx, NOy, SOy),
yraeBogopoaamu (ChHm) u apyruMu mpoaykramu cropanusi. Kpome TOro, mpu HCHOJIb30BAHUU HU3KOCOPTHBIX
yIiael yBENWYMBAEeTCSl Pacxo]] Ma3yTa WINM IPUPOJHOTO ras3a, MCIOJIB3YEMBIX U1 PACTONKHM KOTJa, MOAXBaTa U
CTa0WIM3alM TOPEHUs IbUICYroJIbHOTO (akena, M yXyZOLIaeTcss JKojornueckas obOcraHoBka. Eme oxHOi
mpoOeMoil B 3HEPrOCHAOXKEHWH SIBISIETCS TO, YTO JIIOOOE DHEPreTHMYECKOE MPEANPHUATHE HYXIAeTCsS B
MEPHUOANIECKONH OCTAHOBKE KOTEJIBHOM, IPH 3TOM BO3MOXKHBI: aBapUIIHOE OTKIJIIOYEHHE, IUIAHOBOE OTKIIIOUEHHE U
KpaTKOBPEMEHHas! OCTaHOBKa.

B nanHO# cTaThe C MPUMEHEHHEM YHCICHHBIX METOJIOB MPOBECHBI NCCIIEJOBAHMS, TIO3BOJISIONINE OTPEICITHTh
BJIMSIHUE BBIHY)KJICHHOH YaCTHYHON OCTaHOBKH IOAa4M YTOJBHOM NBUIM (aBapHUHBIN PeXHMM) depe3 TopesloYHbIe
YCTpPOWCTBA Ha OCHOBHBIE XapaKTEPUCTHKH TOMO4HOM kameps! kotia BK3-75 Illaxtunckoit TOLI. ITapoBoit koTen
3aBoJickoH Mapku BK3-75 — BepTHKaibHO-BOAOTPYOHBIH, mpousBoauTesnsHOCTIO 75 T/yac (51,45 T'xan/u).
KotenpHblil arperat 6J04HOW KOHCTPYKIMH SIBJISIETCS OHOOapaOaHHBIM, C €CTECTBEHHOM IIUPKYJISLIUEN 1 BBINOTHEH
no II-o6pa3noii cxeme. Koren BK3-75 oGopynoBaH 4eThIppMs HBUIEYTONBHBIMU TOPEIKaMH, YCTaHOBJICHHBIMU I10
JIBE TOPENKH ¢ PPOHTA U C ThUIa B OJIMH spyc. B kotie cxxuraercs nbuib Kaparanauuckoro psimooro (KP-200) yrius,
301BHOCTRIO 35,1%, BbIXOMOM JleTyunx 22%, BraxkHocThio 10,6% u Temmoroit cropanus 18,55 MJ/kg. Meromamu
KOMITBIOTEPHOTO MOJAEIHMPOBAHUS OBUIM HCCIIEIOBAHBI PA3JIMYHBIC PEXHMMBI TI01a4M TBIJICYTOJIBHOTO TOIUIMNBA B
Kkamepy cropanus. [IpAMOTOYHBIA crOcO0 MOJAaYM a’pOCMECH, KOTJa M3 YETHIPEX TOpPENoK pabOTaroT TOJIBKO /BE
NPSIMOTOYHBIE TOPEJIKH, a JIBE HAXOMAATCS B aBapUHHOM peknMe. BuxpeBoli crocod mojgadm a’dpocMec, KOrna U3
YeThIPEeX TOPEJIOK PabOTAIOT IBE BUXPEBBIE TOPEIKHU C YIIIOM 3aKPYTKH ITOTOKa a9pOCMECH M HAKIIOHOM HX K LIEHTPY
cuMMeTpur KoTia Ha 30 rpamgycoB, a JBe HaxomsiTcs B aBapuilHOM pexxume. s mccienoBaHMs IPOLIECCOB
TEIJIOMAcCOIIepeHOCa B BBICOKOTEMIIEpATypHBIX Cpelax HCIOJIb30BaHbl (PM3MKO-MaTeMaTudecKas U XMMHUUYEecKas
MOJICTIH, BKJIIOYAOIIHE B ce0sl CHCTEMY TpeXMEpHBIX ypaBHeHuit HaBbe—CToKCa M ypaBHEHHH TEIIOMaccolepeHoca
C YUYCTOM HCTOYHHMKOBBIX YJIICHOB, KOTOPLIC ONPEACIAIOTCA XHUMHUYECKON KHUHETUKOM mponecca, HEIMHEHHBIMU
s deKxTaMi TEIIOBOI0 H3IYy4YCHHS, MEX(}a3HOTO B3aMMOJCHCTBHA, a TAKXKE€ MHOTOCTaJIUHHOCTHIO XMMUYECKHX
peakuui.

BbInoHEHHBIE BBIYMCIUTENBHBIE 3KCIIEPUMEHTHI TTO3BOJIMIIN MOIYYNTh OCHOBHBIE XapaKTEPUCTHKHU Ipolecca
TEIJIOMAcCOIIEPEeHOCa B KaMepe CrOPaHMs: adpOJAMHAMHUKY TEUEHHUsI, TIOJIS1 TEMIIEPaTypbl U KOHIIEHTPauil BpeJHbIX
BEIECTB (OKCH/BI YTIepoa U a30Ta) B 00beMe TOMOYHON KaMephl U Ha BBIXO/e n3 Hee. [IpoBenieH cpaBHUTEIBHBIN
aHaIM3 Ul JABYX MCCIEIYEMBIX aBapHHHBIX PEXUMOB (IPSMOTOYHBIA M BHXPEBOIl), HA OCHOBAaHMH KOTOPOTO OBII
c/enaH BBIBOJ O TOM, YTO BHUXPEBOH CHOCOO MOJaydl a’poCMEcH NPH BBIHY)KICHHOH OCTaHOBKE TOPENIOYHBIX
YCTPOMCTB TONMOYHOW KaMepbl MPHBOIUT K YMEHBIICHUIO TeMIIepaTypbl, KOHLIEHTpalKu oKkcuaoB yriepoaa CO u
quokensoB azota NO2 Ha BBIXOZE, HO MMEET UX BBICOKMH YpPOBEHb BHYTPH TONOYHOTO INPOCTpAaHCTBA. Buxpesoi
crocod TMojgayM a’pocMecHd TO3BOJSIET B 3HAYNTEIBHOW CTENEHH ONTHMHU3UPOBATh IPOLECC CXKUTaHUS
HHU3KOCOPTHBIX BBICOKO30JIBHBIX YIJICH B TOMOYHBIX Kamepax TOC W CyIIECTBEHHO CHHU3UTH BHIOPOCHI BPEIHBIX
BemectB (NO2, u CO) B okpyxaromyio cpeny. Iloxydennsie pesyibraTel 3D MozpenupoBaHHSI IIPOLIECCOB
TerIoMaccorepeHoca B TOMOYHON kamepe kotina BK3-75, paboraromieli B aBapuilHOM pexuMme, HOATBEPKIACT
MEePCIIEKTUBHOCTh HCIIOJIb30BaHUs BHXPEBOIO Crocoba MOAaYd a’dpoCMECH C LENbI0 JOCTHIKEHHS TpeOOBaHHUN
9HEProd(PEeKTUBHOTO U IKOJIOTHYECKU OE30MACHOTO CIKUTAHHUS TBEP/IBIX TOILIHB.
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7K20 JKAHY KAMEPACBIHA OTBIH BEPY/II IINTHAPA TOKTATY KE3IH/JETT
KBLTYMACCATACMAJIJAY/IBI CAHJIBIK MOJIEJIIEY

AnHoTanus. Kazakcran aineMIik SHEpreTHKaNbIK HApPBIKTHH KaJIbIITacybl MEH jKal-KYHiHe eseyili ocep eTeTiH
KeMipCyTeKTepIiH opacaH KOpbl Oap MemiekeTTepiH Oipi Ooxpmm Tabbutanpl. PecmyOmuka aymarsiHOa ImamMaMeH
33,600 muH.TOHHA KeMip (e1eMaik Kkemip KOpbIHBIH 3,8%), 30 000 mutH. Gappens MyHai (araeMaik KopaapasH 1,8%)
oHE 1,5 TpiH. Tekiie MeTp TabuFu ra3 (eneMaik KopmapasH 0,8%) morsipiapsl 6ap. OCBIHBIH cangapblHaH 0i3/iH
eniMizze OapIbIK JEKTP PHEPTUSACHIH oHIIpYHiH 85% - bIHA JeiiH Ka30anbl OTHIHIBI, HETi31HEH KEePrillikTi TOMEH
CYPBINTBI KOMIpIi JKary JKOJBIMEH JXYpriziienl. DHeprusiMeH jadnblkray Herisri ke3i Ekibacrys, Kaparauusl,
Toprait kemip OaccelHIACPIHIH KOFAPBI KOMIpi OOJIBINT TAOBLIATHIH 69 NIEKTP CTAHIMSUIAPBIH/A JICKTP SHEPTUSACHIH
OHJIIpy eceOiHeH KamTamachi3 eTitedi. Kaszakcranmarbl keMip Oipkarap apTHIKIIBUIBIKTapFa He: KYKIPTTIH a3
MeJIIIIepi, KypraK KYJre YIIaThIH 3aTTap IbIH KOFaphl IIBIFYbl MacCalaH a3 )KoHEe TOMEH Oara, ce0ebl KoMip Heri3iHeH
alllbIK TOCUIMEH eHpipineni. JlereHMeH, oNl KypaMblHIa KYJIIH JKOFapbl OOJyblHa OalIaHBICTHI TOMEH carnaMeH
cunarranansl (40%-man acram). JKpurysHepreTukaga MyHIai OTBIHABI MaiifanaHy >KajblH TYpakTaHy MEH KajIIbl
JKaHYIbIH, JKBUTYIBIH KOHBEKTHBTI OeTTepiH (Iem SKpaHJaphlH) KOKIayJa jKOHE ayaHBI [IMa KYJIMEH, KeMipTeri,
a30T koHe KyKipT ToThIKTapeiMeH (COx, NOx, SOx), kemipcytekrepmer (CnHm) sxoHe Oacka na skaHy eHIMIepiMeH
nacrayzia npobnemanapra aipin keieri. COHBIMEH Karap, TOMEH COPTTHI KeMipai NmaiaanaHy Ke3iHAe Ka3aHIIBIKTHI
JKary, YCTal Kajly JKoHe IIaHKeMIp ajlaybIHbIH )KaHYbIH TYPaKTaHABIPY YIIIiH ITaiilanaHbuIaThIH Ma3yT HeMece TaOurn
ra3/blH IIBIFBIHBL apTajbl JKOHE SKOJIOTHSJIBIK JKaFiail Hamrapiaiasl. DHeprusiMeH KaOIbIKTayAarbl Tarbl Oip
npoOeMa Ke3 KeJIT'eH YHEPreTUKAIBIK KOCIMOPBIH Ka3aHABIKTEl MEP3iM/Ii TOKTaTyFa MYKTax, OyJI peTTe: aBapHsIbIK
XKBIPATy, JKOCMAPIIBI AKBIPATy JKOHE KBICKA MEp3iMIi TOKTaTy OOJybl MYMKiH. Bys Makanama caHIbIK omicTepi
konpany apkeuibl [laxtuack KOO BK3-75 Ka3aHAbIFBIHBIH OTTBIK KaMepachIHBIH HETi3rl cunarTaManapbiHa
’KaHAPFbl KYPBUIFbUIAPHI apKbLIbI KOMIP TO3aHBIH Oepyzi MaKOYpIi illiHapa TOKTAaTy 9CEpiH aHbIKTayFa MYyMKIHJIK
Gepetia 3eprreynep xypriziami. BK3-75 mapkamer 3ayeiT Oy Ka3aHABIFBI-TIK-CYKYOBIpHI, eHIMALIri 75 T/car
(51,45 T'xan/car). BmoKTB KOHCTPYKUIMSHBIH KazaHABIK arperaTsl OipOapa®aHmbl, TaOWFW aWHAIBIMMEH >KOHE
IT-Topi3ai cxema Ooiiprama operHaanFad. bK3-75 kazanapiFbl MalijaHHAH JKOHE ThUITAH Oip KabaTka eki yKaHapFb
OpHATBUIFaH TOPT IIaH OYpHIITbIMEH jka0apikTanFaH. Kazanapikra Kaparanas! karapnarsl kemipaie (KP-200) manbt
JKaFbUTaAbl, Kymmiri 35,1%, YIOKBINTEH IBFLEIMBL 22%, puranabeuiblFel 10,6% sxoHe skaHy kbuTysl 18.55 MI/kg.
KommsroTepiik Mozenbaey oficTepiMeH jkaHy KamepachlHa HIAHKOMIp OTHIHBIH OepyliH SpTypili pexumuepi
3eprrenai. TepT jkaHaprbUIaplaH TeK €Ki TiKeNeil araThiH )KaHapFbUIap FaHa JKYMBIC ICTEHTIH, ajl eKeyi aBapHsIbIK
pexxuMIe OONaThIH a’poKocTallap bl Oepy/IiH Typa aFbIHABI Tacimi. TepT xKaHaprpUIapAaH €Ki KyHbIHIBI )KaHapFbUIap
JKYMBIC ICTEN TYpFaH Ke3/Ie a’poc KOCla aFbIHBIHBIH Oypanxy OyphIIIbI KOHE OJaplbl Ka3aH CHUMMETPHSICHIHBIH
opraceiHa 30 rpagycKa eHKEHTINreH, aj exeyi aBaprsUIbIK pexxumae 6omansl. JKorapsl TeMIiepaTypaibl OpTaiapaarbl
XKBUIy Macca ajMacy MpOIeCTepiH 3epTTey YIIiH (U3MKa-MaTeMaTHKaIbIK XoHe ym emmemai HaBpe—Crokc
TEHJICYJIepl MEH K63 MYIIENEPiH €CEeNKe ajla OTBHIPBIN, KbIIy Macca aaMmacy TEHZICYNep JKYHWECiH KaMTHTBHIH
XUMUSUTBIK MOJENBICP, XUMMSUIBIK KHHETHKaMEH, J>KbUIYJBIK COyJENEHYAIH, (a3aapaliblKk e3apa SpeKeTTeCyAiH
CBI3BIKTHI €EMEC acepiIepiMeH, COHIai-aK XMMUSUTBIK PEAKIMSIAPAbIH KOI CaThUTBI OOyBIMEH aHBIKTAIATHIH.

OpblHOaTFaH ecentey OKCIEePUMEHTTEepl XKaHy KaMepachlHAa >KbIIyMacCTacMallay NpOLECiHIH Herisri
CUMaTTaMachlH alyFa MYMKIHIIK OepJi: arbic a’poJMHaMHKachl, TEMIeEpaTrypa epici jKoHe 3HsH/ABI 3aTTaplblH
KOHLIEHTPALMSIChI (KOMIpTEri MEH a30T OKCHJTEpi) OTTHIK KaMmepa KeJeMiH/e JKoHe ofaH mbiryna. Exi 3eprrenerin
amnaTTHIK PSKUMIIEP YIIIH CalbICTHIPMAIIBI TAJJIAY JKYPri3iil (Typa arblH/Ibl )KOHE KYHBIHIBI), OHBIH HETi31H/€ OTTHIK
KaMepaHbIH JKaHApFbl KYPBUIFBUIAPbI MOKOYpPJl TOKTaraH Ke3[e adpo KOCHaHbl Oepy[iH KyYHBIHIBI TOCLII
TemmepaTypanslH  azarobiHa, CO kemipreri okcuarepiHiH koHe NOz a30T JHOKCHATEPIHIH IIBIFyBIHIA
IIOFBIPJIaHyBIHA aJBIN Kelledi, Oipak OTTBHIK KEHICTIKTIH IITIHIIE OJapAbIH KOFaphl ACHreri 0omagsl. Aya KOCIachH
Oepyain KyibHABI Tocini JKOC OTTHIK KamepaiapblH/ia TOMEH COPTTHI JKOFaphl KOMIp/i Kary MPOLECiH aiTapibIKTai
OHTaMJIaHABIpYFa KoHE KopliaraH oprara 3usHabl 3aTrTapiblH (NO2 sxone CO) IIBIFapbIHABIIAPBIH aiTapiIbIKTal
TOMCHJICTYTe MYMKIHHIK Oepemi. AmarTelk pexumae kyMmbeic ictedTiH BK3-75 Ka3aHIBIFBIHBIH — OTTHIK
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KaMepachIHJarbl JKbUIy Macca ajmacy mnpouecrepid 3D yiarirey[iH ajiblHFaH HOTWDKENEpi KaTThl OTBIHAAP.bI
SHEPrOTHIMI KOHE IKOJOTHSUIBIK Kayilci3 )ary TalanTapblHa KOJI JKETKi3y MaKcaThlHAa a’dpo KOCIHaHbl OepyaiH
KYHBIH/IBI TOCUTIH NalIaIaHy/IbIH MePCIeKTHBAIBUIBIFBIH PACTANIbL.
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