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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 c, d). The
finite-difference grid (figure 1b) for numerical modeling has steps along the X, Y, and Z axes: 59%x32x67,
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:
¢) 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 lc) 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

Z,m Z,m
16 16
15 15
14 14
13 13
12 12
11 11
10 10

345 6xm

012

O =Wk 0O~]
O=MWERONO~]®OWY
= B

0123456xm

Average:1.66 Average:1.88

Full velocity vector, m/s

| | [
04 5.7 11 16.4 21

a) b)

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]

CO, ke/kg NO,
0.006 mg/nm’
1800
5
W 1600 -
0.004 1400
0.003 1200
0.002 1000
0.001 7 800
0 - : : : 2 600 -

14

12

10

0 2 4 6 8 10 12 14 16 zm o 2 4 6 3 16 zm

Figure 5 - Distribution the concentration of carbon monoxide
CO at the exit of the combustion chamber the boiler BKZ-75
emergency mode:

1 - direct-flow method of supplying air mixture carbon
monoxide CO; 2 - vortex method of supplying air mixture
carbon monoxide CO

Figure 6 - Distribution the concentration of nitrogen dioxide
NO: at the exit of the combustion chamber the boiler BKZ-75
emergency mode:

1 - direct-flow method of supplying air mixture nitrogen
dioxide NOz; 2 - vortex method of supplying air mixture
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 - 5.2110* 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, NO,,)
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 If 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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I1. llagapsxux’!, C.A.BoxerenoBa >3, A.A. Tysk0aes?,
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"Yenickuii Texuuueckuii ynusepcurer B [pare, [para, Yenickas PecryGnuka;
?Kasaxckuii HanmoHansHeIi YHEBEpCHTET HMEHH alb-Dapabu, Anmarel, Kazaxcram;
3 Hay4HO-HCCIIEIOBATENBCKAN HHCTHTYT SKCIIEPMMEHTAIBHOM M TeOPETUIECKOH (pu3uku, AnMathl, Kazaxcran

YUCJIEHHOE MOJIE/IMPOBAHUE TEIIJIOMACCONEPEHOCA
NP YACTHUYHOHU OCTAHOBKE IIOJAYM TOIIVINBA B KAMEPY CI'OPAHUS T311

AHHOTaIIHﬂ. Kasaxcran sBisgeTcs OIHUM U3 TOCyHAapcCTB, 06.]'13]13}01111/1)( OrpOMHBIMHU 3aracaMu yrjeBogopoa0B,
KOTOPBIC OKa3bIBAIOT CYHICCTBCHHOC BJIMAHHUC Ha (l)Ole/IpOBaHl/Ie " COCTOAHUE MUPOBOI'O SHCPICTUYCCKOI'0 pBIHKA.
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Ha reppuropun pecryoinku umeroTcst 3anexu okoso 33,600 muH. ToHH yriist (3,8% MupoBsIx 3amacoB yris), 30 000 miH.
Oappeneit Heptu (1,8% mupoBbix 3amacoB) u 1,5 TpiaH KybomerpoB npupoaHoro rasa (0,8% MHUpPOBBIX 3amacos).
Bcenencteue storo B Hamieit ctpane n0 85% Bceil BBIpaOOTKH AJIEKTPOIHEPTUH HPOHU3BOIHUTCS MyTEM CIKHUTAHUS
HCKOIIAEMOT0 TOIUIMBA, TJIABHBIM 00Pa30M MECTHOTO HM3KOCOPTHOTO YIJIsl. DHeprocHabxeHHe oOecredunBaeTcs 3a
CYeT TPOU3BOJCTBA 3JIEKTPOIHEPTHHM Ha 69 3JIEKTPOCTAHIUAX, OCHOBHBIM HCTOYHHKOM KOTOPBIX SIBJISIETCS
BBICOKO30JIBHBIN Ka3aXCTAaHCKUHA yronb JkubacTysckoro, Kaparanamackoro, Typraiickoro yroibHBIX OacceifHOB.
VYroms B Kazaxcrane obnagaer psiioM IMPEUMYILIECTB: MAJIOE COIEPKAHUE CEPbI, BHICOKUH BBIXOJ JIETyYHX BEIECTB
Ha CyXYIO 30JIy MEHBIIIE MacChl M HU3Kas I€Ha, IOTOMY YTO yrojb JOOBIBAETCS B OCHOBHOM OTKPBITHIM CIIOCOOOM.
Tem He MeHee, OH XapaKTepH3yeTcsl HU3KMM KaueCTBOM H3-3a BBICOKOT'O COZAEpIKaHWS 30JbI B €ro cocTase (Ooiee
40%). Kak crneacTBue, HCHOJNB30BAaHME TAaKOTO TOIUIMBA B TEIUIOSHEPIrEeTHKE IPHBOIUT K IpodieMam B
CTa6I/lJ'lI/l3aLIl/II/I IJIaM€HHU W TOPE€HUH B 1LECJIOM, B IIJIAKOBAHWHN KOHBCKTHUBHBLIX HOBerHOCTeﬁ Harpesa (3KpaHOB
meyeil) W B 3arpsA3HEHUM BO3JAyXa JieTyded 30J0i, okcumamu yriaepoga, azora u cepbl (COyx, NOy, SOy),
yrneogopogamu (CyHm) ¥ mpyrumu mponaykramu cropanusi. Kpome Toro, mpu HCMONb30BaHHUM HU3KOCOPTHBIX
yIJIel yBENMYMBAETCSl Pacxo]] Ma3yTa WINM IPUPOJHOTO ras3a, MUCIOJIb3YEMBIX U1 PACTONKH KOTJa, MOAXBaTa U
CTa0WIIM3alliM TOPEHUs IbUICYroJNbHOrO (akena, M yXyZALIaeTcss JKojormueckas oOcraHoBka. Eme oxHOi
mpoOieMoll B 3HEProCHAOXKEHWH SIBISIETCS TO, YTO JIIOOOE DSHEPreTHYECKOEe MPEANpPHUATHE HYXKIAeTCsS B
MEPHOANIECKONH OCTAaHOBKE KOTENBHOM, IPH 3TOM BO3MOXKHBI: aBapUIIHOE OTKIJIIOYEHHE, IUIAHOBOE OTKIIIOUCHHE U
KpPaTKOBPEMEHHAs! OCTaHOBKA.

B naHHO¥ cTaThe C MPUMEHEHHEM YHCIICHHBIX METOJIOB MPOBECHBI NCCIIEOBAHMS, TIO3BOJISIONINE ONPEICITUTh
BJIMSIHUE BBIHY)KJICHHOM YaCTMYHON OCTaHOBKH IIOAA4M YTOJBHOM NBUIM (aBapHHHBIN PEXHUM) depe3 TOopeslovYHbIe
YCTpOWCTBA Ha OCHOBHBIE XapaKTEPUCTHKH TOMO4HOM kameps! kotia BK3-75 Illaxtunckoit TOLI. ITapoBoit koTen
3aBojickoM Mapku BK3-75 — BepTUKasbHO-BOAOTPYOHBIH, mpou3BoAuTeNbHOCTIO 75 T/yac (51,45 TI'kan/u).
KotenbHblil arperar 6J04HONM KOHCTPYKLUH SIBJISIETCS 0JJHOOApaOaHHbIM, C €CTECTBEHHOM UPKYJISILMEH U BBIIOIHEH
no [1-o6pasnoii cxeme. Koren BK3-75 o0opyaoBaH 4eThIpbMs IBUICYTOJILHBIMH T'OPEJIKAMH, YCTAHOBJIECHHBIMHU 110
JIBE TOPEJIKH C PPOHTA U C ThUIa B O/IMH sApyc. B kotie cxxuraercs nbuib Kaparanauuckoro psigosoro (KP-200) yros,
3051bHOCTBIO 35,1%, BbIXOJOM NeTyuux 22%, BiaxHocthio 10,6% u temnoroii cropanus 18,55 MJ/kg. Meronamu
KOMITBIOTEPHOTO MOJAEIHUPOBAHUS OBUIM HCCIECIOBAHBl PA3JIMUHBIC PEXHMMBI II0a4M IBIIEYTOJIbHOTO TOILIMBA B
Kamepy cropaHus. I[IpsMoTouHBIH croco0 momauu a’pocMecH, KOTAa U3 YeTHIPeX I'OpeloK paboTaroT TONBKO IBE
MPSMOTOYHBIE TOPEJIKH, a JIBE€ HAXOAATCS B aBapUHHOM pekuMMe. BuxpeBoi crocod mogadm a’spocMecH, KOraa U3
YEeThIPEX TOPEJIOK PabOTAIOT ABE BUXPEBBIE TOPEIKHU C YTIIOM 3aKPYTKH ITOTOKA a9POCMECH M HAKIIOHOM HX K LIEHTPY
cuMMeTpuH KoTia Ha 30 rpamgycoB, a JBe HaxOmATCS B aBapuiHOM pekume. JIs nccienoBaHMs IIPOLECCOB
TEIJIOMAacCONEpPeHOca B BBICOKOTEMIIEPATypHBIX Cpelax HCIIOJIb30BaHBl (PU3MKO-MaTeMaTHuecKas M XHMHYEeCKas
MOJIETIH, BKJIFOYAOIIHE B ce0sl CCTEMY TPeXMEpHBIX ypaBHeHui HaBre—CTOKCa M ypaBHEHHH TeIIoMacconepeHoca
C Y4YeTOM HCTOYHHMKOBBIX WICHOB, KOTOPBIE OIPEIEISIOTCS XMMHUYECKOH KHHETHKOW Ipolecca, HEeITMHEHHBIMU
s¢deKTaMH TEIUIOBOTO H3IYYCHHUS, MEK(A3HOTO B3aMMOJICHUCTBHSI, a TAKKEe MHOTOCTAAMHHOCTHIO XMMHUYECKUX
peakiuu.

BrinosiHeHHBIE BBIUMCIMTEILHBIC OKCIICPUMEHTBI MO3BOJIMWIN MOJJYYUTh OCHOBHBLIC XapaKTCPUCTHUKHU IIpolecca
TEIJIOMACcCONEPEHOCa B KAMEPEe CTOPaHMs: a3pPOANHAMHUKY TEUEHUsI, TOJII TEMIIEPATYPhl U KOHIEHTpauuil BpeJHbIX
BEIECTB (OKCHABI YIIIEPOa U a30Ta) B 00bEME TONOYHON KaMephl U Ha BBIXO/E U3 Hee. [IpoBeieH cpaBHUTEIbHBIN
aHaIM3 Ul JBYX HCCIEIYeMbIX aBapHHHBIX PEKUMOB (IPSMOTOYHBIN M BUXPEBOIl), HA OCHOBAaHMH KOTOPOTO OBLI
CeNaH BBIBOJ O TOM, YTO BHXPEBOIl CIOCOO MOIadM a’pOCMECH MNpPH BBIHY)KICHHOH OCTAaHOBKE T'OPEJIOYHBIX
YCTpOMCTB TONMOYHOW KaMephl MPUBOAUT K YMEHBIICHUIO TeMIIepaTyphl, KOHLEHTpaun okcuaoB yriepora CO u
nmuokennoB azota NO> Ha BBIXO/E, HO MMEET WX BBICOKHH YPOBEHb BHYTPH TOIOYHOTO IPOCTpPAaHCTBA. BuxpeBoit
crocod TMmojgayM a’pocMecd TMO3BOJSIET B 3HAYMTEIBHOW CTENEHHW ONTHMHU3UPOBATH IPOLECC CXKUTaHUS
HHU3KOCOPTHBIX BBICOKO3OJIBHBIX YIJIeH B TONMOYHBIX Kamepax TOC W CyIIECTBEHHO CHHU3UTH BHIOPOCHI BPEIHBIX
BemectB (NO, u CO) B okpyxaromyio cpeay. Iloxyuennsie pesynbraTel 3D MozpennpoBaHHSI IIPOLIECCOB
TEeIIoMacconepeHoca B TOMOYHON kamepe kotina BK3-75, paboraromieli B aBapuilHOM pexuMme, HOATBEPKIAET
MEpPCIIEKTUBHOCTh HCIIOJIb30BaHHUS BHXPEBOIO Crocoba MOAAa4YM a’dpoOCMECH C LEeNbI0 JOCTHIKEHHS TpeOOBaHMMN
9HEprodPEeKTUBHOTO U IKOJIOTHYECKU OE30MaCHOI0 CKUTaHUS TBEPIBIX TOILIHB.

— 171 ——



News of the National Academy of sciences of the Republic of Kazakhstan

I1. Ilagapxux!, C.O. Beaerenosa >3, A.A. Tysakbaes?,
B.1O. Makcumos?, A.O. Hyrpimanosa?, C.9. Beaerenosa®

! Tpara k. Uex Texuukansik yuusepcureri, [Ipara, Uex Pecrry6nukacsr;
2 on-®apabu atsiagarsl Kasl'y, Anmartel, Kasakcran;
3 DKCEPUMEHTAIIBIK XKOHE TEOPHSUIBIK (DM3MKAHBIH FHUIBIMU-3€PTTEY MHCTUTYTHI, Anmartsl, Kasakcran

7K20 JKAHY KAMEPACBIHA OTBIH BEPY/II IIITHAPA TOKTATY KE3IH/ETT
KBLTYMACCATACMAJIJAY/IBI CAHJIBIK MOJIEJIIEY

Annoranus. Kazakcran olieM/IiKk SHEpPreTHKAIbIK HAPBIKTHIH KAJBINTACYbl MEH Kal-KYHiHe eeyJii ocep eTeTiH
KOMIPCYTEKTEpAIH OpacaH KOpbl Oap MemiekertepaiH Oipi Oojbin Tabbuiaabl. PecryOnuka aymarblHIa LIaMaMeH
33,600 mitH.TOHHA KeMip (aneMIiK keMip KOpsIHbIH 3,8%), 30 000 MuH. Oappens MyHai (enemaik KopaapasiH 1,8%)
JoHE 1,5 TpiH. Tekiie MeTp Taburu ra3 (enemaik KopnapasH 0,8%) morsipiapsl 6ap. OCBIHBIH cangapblHaH 0i37iH
eniMizzie OapIbIK JEKTP PHEPTUSACHIH oHIIpYNiH 85% - bIHA JeiiH Ka30anbl OTHIHIBI, HETi31HEH KeprilikTi TOMEH
CYPBINTHI KOMIpIi JKary >KOJBIMEH JXYpridijeni. DHeprusiMeH aOnblkray Herisri ke3i Ekibacrys, Kaparauusl,
Topraii kemip OaccelHaepiHiH )KOFapbl KOMipi OOJbIN TaObUIATHIH 69 AJIEKTP CTAHIMSIIAPBIHIIA AIIEKTP SHEPTHACHIH
eHJIpy ecebiHeH Kamramachl3 erineni. Kaszakcranmarbl kemip OipkaTap apTHIKIIBUIBIKTapra He: KYKIPTTIH a3
MeJIIIepi, KypFaK KyJIre YIIaThIH 3aTTap/IbIH KOFaphl IIbIFYbl MacCalaH a3 )KoHEe TOMCH Oara, ce0ebi KkeMip Heri3iHeH
allbIK TOCUIMEH eHfipiieni. JlereHMeH, ofl KypaMbIHAa KYJIIH JKOFapbl OOyblHA OaiaHBICTHI TOMEH camaMeH
cunarranazas! (40%-nan acram). JKbutysHepreTukaga MyHIail OTBIHABI MaiifanaHy >KajblH TYpakTaHy MEH JKaJIlbl
JKaHYJIbIH, JKbUTYJIbIH KOHBEKTHBTI OeTTepiH (Iell dKpaHIapbiH) KOXIAy/a >KOHE ayaHbl |IINa KyJIMEH, KeMipTeri,
a30T oHe KyKipT ToThikTapbiMeH (COx, NOx, SOx), kemipcyrekrepmen (CnHm) xoHe Oacka aa )kaHy eHiMIepiMeH
nacrayza npobnemanapra ajibin keieni. COHbIMEH Katap, TOMEH COPTThI KOMIp/i MaiifiajgaHy Ke3iHAe Ka3aHIIbIKThI
JKaFy, YCTal Kally JKoHE IIAaHKeMIip aJlaybIHBIH JKaHYBIH TYPaKTaHIBIPY VIiH NaiJalaHbUIaTEIH Ma3yT HeMece TaOuFu
ra3fblH [IBIFBIHBL apTajbl JKOHE AKOJOTHSUIBIK JKaFfall Halmapiaidipl. DHEPrHsMeH >KaOObIKTaymarbl Tarel Oip
mpobiemMa Ke3 KeITeH YHEPTreTHKABIK KOCITOPBIH Ka3aHIBIKTEI MEeP3iMi TOKTaTyFa MYKTaK, OYJI peTTe: aBapHsUTBIK,
)XBIpaTy, >KOCHapJIbl aKbIpaTy >KOHE KhICKA MEp3iMAl TOKTaTy Ooiybl MYMKiH. byn Makamama caHabIK opicTepui
kongany apkbutel [llaxtrack KOO BK3-75 KazaHABIFBIHBIH OTTHIK KaMEpPACBHIHBIH HETI3r CHITATTaMalapblHa
JKaHAPFBl KYPBUIFBUIAPHI apKbUIBI KOMIp TO3aHBIH Oepy/i MaKOypIi illiHapa TOKTaTy 9cepiH aHBIKTayFa MYMKIHJIK
Oepetin 3eprreynep xkypriziami. BK3-75 mapkanel 3aybIT Oy Ka3aHABIFBI-TIK-CYKYOBIpBI, eHIMALIINE 75 T/car
(51,45 T'kan/car). BiOKTBI KOHCTPYKLHMSHBIH Ka3aHABIK arperaTbl OipOapabaHibl, TaOWFM aWHAIBIMMEH >KOHE
I-Topi3ai cxema OoiibiHia opbiHaairad. BK3-75 ka3aHabiFbl MaiiJaHHAH KOHE ThUIIAH Oip KabaTka €Ki jKaHapFbI
OpHATBUIFaH TOPT IIaH OyphIIbIMeH jka0apikTanrad. Kasanapikra Kaparanae!r karapaarsl kemipaia (KP-200) manbt
Karbuiabl, Kynmiri 35,1%, yYIKeIOTBIH WEFBIMBL 22%, buiFaiasuiblFsl 10,6% jxoHe xaHy kbutybl 18.55 MI/kg.
KomribroTepiiik Mojienb/iey oJicTepiMEeH jKaHy KamepachlHa ILIAHKOMIp OTBIHBIH OepyiH opTypii pexumuepi
3epTTenni. TepT kKaHAPFBUIAPJAH TEK CKi TiKeJel aFaThIH JKaHApFBUIAP FaHA JKYMBIC iCTEHTIH, all €Keyi aBapHsUTBIK,
pexxuMae OOIaTHIH a3poKOocHaap sl OepydiH Typa arblHABI Tocimi. TepT skaHapFeUIApAaH eKi KYWBIHBI )KaHAPFBUIAP
JKYMBIC ICTETl TYpFaH Ke3[e a’poc KOCMa aFblHBIHBIH Oypaiy OYpHIIIBI KOHE OJapAbl Ka3aH CHMMETPHUSCHIHBIH
opTtacsiHa 30 rpaaycKa eHKEHTIIreH, all eKeyl aBapHsIIbIK pexkumae Oonansl. JKorapsl TeMiiepaTypaiisl OpTanaparsl
JKBUTy Macca aiMacy MpOLECTepiH 3epTrey YHIiH (U3MKa-MaTeMaTHKaJIbIK koHe ym esmmemai Hasbe—Croke
TEHJIEYJIepi MEH K63 MYIIeJIEpiH €eCelKe ajia OTBHIPBIN, JKbIIy Macca aiuMmacy TeHAEyJep JKYHeciH KaMTHTBHIH
XUMUSIBIK MOJICITIBACP, XAMUSUIBIK KHHETHKAMEH, JKbUIYJIBIK COYJICJCHYIH, (pasaapaiblk e3apa OpeKeTTECYIiH
CBI3BIKTbI EMEC acepnepiMeH, COH}laﬁ-aK XUMUAJIBIK pCaKIUsJIapAblH KOIT CaThLIbI 60J'lyI)IMeH AHBbIKTAJIaThIH.

OpbIHIaIFaH ecenTey SKCICPUMEHTTEpl JKaHy KaMepachlHIa IKbUIyMaccTacMalifay IPOLECIHIH Herisri
CHIATTaMachlH alyFa MYMKIHIIK OepJi: aFbic a’pOoJUHAMHKACHI, TeMIeparypa epici jKOHe 3HsH/bI 3aTTaplblH
KOHLIEHTPALUSIChI (KOMIpTeri MEeH a30T OKCHJTEpi) OTTHIK Kamepa KeJeMiH/e jKoHe ofiaH mibiryna. Exi 3eprrenetin
anaTThIK PEXXKUMIEP YILIIH CANBICTHIPMAIIBI TAJIAY JKYPTi3iial (Typa arblH/Ibl )KOHE KYHBIH/IbI), OHBIH HETI31H/I€ OTTHIK
KaMEpaHBIH JKAaHAPFBl KYPBUIFBUTAPBl MOKOYpII TOKTaFaH Ke3/le adpo KOCHaHbl OepyliH KYHBIHIBI TOCii
TemnepaTypaHslH a3arobiHa, CO kemipreri okcuarepiHiH xoHe NO, a30T JHOKCHATEPiHIH IIBIFyBIHIA
IIOFBIPJIaHyBIHA aJbIN Kelledi, Oipak OTTBHIK KEeHICTIKTIH IITiHIE OJapAbIH XKOFaphl ACHreri 6omagsl. Aya KOCIAchH
6epyain KyibiHABI Tacini JKOC OTTHIK KamepaiapblHia TOMEH COPTTHI JKOFaphl KOMIp/i JKary MPOLECiH aiTapibIKTai
OHTaMIaHABIpyFa JKOHE KOopIIaraH opTara 3ustHIbl 3aTTapabliH (NO; xone CO) mbFapbIHABUIAPBIH aWTapIbIKTal
TOMCHJCTYTe MYMKIHHIK Oepemi. AmarTelk pexumae kymbeic ictedTiH BK3-75 Ka3aHIOBIFBIHBIH — OTTHIK
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KaMepachlHJarbl JKbUIy Macca ajMacy mnpouecrepid 3D yiariieyniH anblHFaH HOTHXKENEpi KaTThl OTBIHAAP.bI
SHEProTHIMII KOHE IKOJOTHSUIBIK KayilCi3 )ary TalanTapblHa KOJI JKETKi3y MakKCaThlHAa a’dpo KOCIHaHbl OepyaiH
KYHBIH/IBI TOCUTIH NaliaIaHy IbIH ePCIeKTHBAIBUIBIFBIH PACTANIbL.
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