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OPTIMIZATION OF THE SOLID FUEL COMBUSTION
PROCESS IN COMBUSTION CHAMBERS IN ORDER
TO REDUCE HARMFUL EMISSIONS

Abstract. The methods of numerical simulation are used to study the processes of heat and mass transfer in the
combustion chamber of an operating coal-burning Kazakhstan thermal power plant. Computational experiments were
performed on the combustion of high-ash Karaganda coal in the combustion chamber of the BKZ-75 boiler
(Shakhtinsk, Karaganda region). As a result of numerical simulation of the combustion processes, the distributions of
the total velocity vector, temperature fields, concentration fields of nitrogen oxides NO over the entire volume of the
combustion chamber and at its exit were obtained. A comparative analysis of the characteristics of heat and mass
transfer processes for the two studied modes of supplying fuel to the combustion chamber through burner devices is
given for the direct-flow method of supplying the mixture when the burners are located on opposite side walls and
the vortex method of supplying the mixture when the burners are installed at a 30-degree angle from the center of
symmetry of the boiler. It is shown that the vortex method of supplying air mixtures allows optimizing the
combustion of high-ash coal, since in this case there is an increase in temperature in the core of the torch and a
decrease in it at the exit from the combustion chamber, which has a significant effect on the chemical processes of
the formation of combustion products. The average value of the concentration of nitrogen oxide NO at the outlet of
the combustion chamber decreases when using burner devices with a swirl of the mixture flow and conforms to
norms the maximum permissible concentration.

Key words. numerical simulation, solid fuel, combustion chamber, direct-flow and vortex methods of supplying
air mixtures, velocity, temperature, nitrogen oxides.

Introduction

The development of the fuel and energy complex and energy is one of the most important foundations
for the development of all modern material production. Countries with the necessary resources and the
ability to develop long-term plans for their use receive undeniable competitive advantages. The issue of
choice, operation, and, first of all, the creation of new, highly efficient energy and resource-saving
technologies becomes relevant for the heat power industry [1-2].

In this paper, using modern 3D modeling technologies [3-11], a comprehensive study of the thermal
processes and aerodynamic characteristics of the combustion chamber of an existing Kazakhstan energy
facility (Shakhtinskaya TPP, Kazakhstan) is carried out.. Based on the numerical solution of the system of
convective heat and mass transfer equations [12-13], taking into account the kinetics of chemical
reactions, two-phase flow, nonlinear effects of convective and radioactive heat transfer, and 3D modeling
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methods, aerodynamic, thermal, and concentration characteristics are obtained over the entire volume of
the combustion chamber, in its main sections and at the exit [14-21].

A comparative analysis of the characteristics of heat and mass transfer processes for the two studied
modes of supplying fuel to the combustion chamber through burner devices is given for the direct-flow
method of supplying the mixture when the burners are located on opposite side walls and the vortex
method of supplying the mixture when the burners are installed at a 30° angle from the center of symmetry
of the boiler.

The results of the studies allow us to develop appropriate technological solutions for installing burner
devices (direct-flow or vortex) in the combustion chamber under study and to optimize the process of
burning high-ash Kazakhstan coal in order to minimize harmful emissions into the atmosphere.

2. Description of the combustion chamber for conducting computational experiments

For conducting numerical experiments, the combustion chamber of the BKZ-75 boiler was installed at
the Shakhtinskaya TPP (Shakhtinsk, Kazakhstan), in which Karaganda coal with an ash content of 35.1%
is burned. Steam boiler BKZ-75 - vertically water-tube, productivity 75 t/h (51.45 Gceal/h) [22-27]. The
boiler is equipped with four pulverized coal burners installed in two burners from the front and from the
rear in one tier. Figure 1 shows the finite-difference grid for conducting computational experiments and
the design of various burner devices (direct-flow and vortex) of the combustion chamber of the BKZ-75
boiler.

a) c)

Figure 1 - Finite-difference grid of the combustion chamber of the boiler BKZ-75 of the Shakhtinskaya TPP
and designs of burner devices of the combustion chamber of the boiler
BKZ-75: a) straight-through burners; b) burners with a spin of the flow of the air mix

To carry out computational experiments in the combustion chamber of the BKZ-75 boiler, two cases
were investigated 1) a direct-flow method of supplying air mixtures — burners are located on opposite side
walls; 2) the vortex method of supplying the mixture - burners with a swirl angle of the mixture flow and
tilting them to the center of symmetry of the boiler by 30°.

3. Results

This work presents the results of computational experiments, the distribution of the full velocity
vector, the temperature and concentration fields of nitrogen oxide NO for two cases of fuel supply to the
combustion chamber of the BKZ-75 boiler (direct-flow and vortex). Figure 2 shows the distribution of the
total velocity vector in longitudinal sections of the combustion chamber of the BKZ-75 boiler. We see that
in the direct-flow method of supplying air mixtures, the flows, colliding in the center at a right angle, are
cut in the region of the cold funnel and towards the exit from the combustion chamber, with the formation
of a vortex flow of lower intensity. With the vortex method of supplying the air mixture, four swirling
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flows in the region of the belt of the burner devices guiding from the burners collide with each other in the
central part of the combustion chamber at an angle of 30°. Then, having united in two main streams, they
are dissected, forming vortex flows of flow more in the horizontal region of the combustion chamber.
High stability of the vortex flow (vortex) position increases the residence time of coal dust in the
combustion zone will significantly reduce the formation of the concentration of harmful substances.
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Figure 2. The distribution of the field of the full velocity vector in longitudinal sections (x=3)
of the combustion chamber of the boiler BKZ-75:
a) direct-flow method of supplying air mixture; b) vortex method of supplying air mixture
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Figure 3 - The distribution of the field of the temperature in longitudinal sections (x=3)
of the combustion chamber of the boiler BKZ-75:
a) direct-flow method of supplying air mixture; b) vortex method of supplying air mixture
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Figure 3 illustrates the temperature field in the longitudinal sections of the combustion chamber of the
BKZ-75 boiler for the two studied modes of supply of air mixture (direct-flow and vortex). We see that
the temperature has maximum values in an area close to the location of the burner devices. With the
direct-flow method of supplying the air mixture, the average temperature in the longitudinal section (x=3)
of the combustion chamber of the BKZ-75 boiler is 903.64°C, and in the case of a vortex feed of a
mixture, the temperature value increases and amounts to 967.22°C. This is due to the vortex nature of the
flow, providing maximum convective transport and an increase in the residence time of coal particles in
the combustion chamber of the BKZ-75 boiler.

t,C
1400
1200 .
1000
800
600

400
200 -

0 T T T T T T T T
0 2 4 6 8 10 12 14 16 zm

Figure 4 - Temperature distribution along the height of the combustion chamber the BKZ-75 boiler with: 1— direct-flow method of
supplying air mixture; 2 — vortex method of supplying air mixture; @ - experimental data at TPPs [28]; A — is theoretical values
obtained by the method of thermal calculation (CBTI — Central Boiler-and-Turbine Institute) [29]

Figure 4 shows a comparative analysis of the distribution of the average temperature in the cross
section over the height of the combustion chamber for the two studied modes of supply of air mixture
(direct-flow and vortex). In the case of a vortex feed of an air mixture, an increase in the extent of the zone
of maximum temperatures is observed. The minimum in the curves associated with the low temperature of
the air mixture entering the combustion chamber through the burners. An increase in the temperature in
the core of the flame and a decrease in its output exerts a significant effect on the chemical processes of
the formation of combustion products. The temperature at the outlet of the combustion chamber is
confirmed by its theoretical value calculated by the CBTI method for direct-flow supply of air mixture
[29].

Distributions of nitrogen oxide NO concentrations in different sections of the combustion chamber are
presented in the Figures 5-6.
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Figure 5 - Distribution of nitrogen oxide NO area in longitudinal sections (x=3)
of the combustion chamber the BKZ-75 boiler with:
a) direct-flow method of supplying air mixture; b) vortex method of supplying air mixture

37




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

b ———
Average:368.08 NO, mg/nm? Average:286.56
| | | | I | | [ |
346 357 368 378 389 273 280 288 295 302
a) b)

Figure 6 - Distribution of nitrogen oxide NO at the outlet of the combustion chamber the boiler BKZ-75 with:
a) direct-flow method of supplying air mixture; b) vortex method of supplying air mixture

As can be seen from the figures, the zone of maximum formation of nitrogen oxide NO is the region
of high temperatures and intense vortex flow. Intensive mixing of fuel and oxidizing agent, created by
turbulent flows of injected air mixture near the burners, as well as high temperature in the torch core,
create favorable conditions for the formation of nitrogen oxides. The average value of the concentrations
of nitrogen oxide NO in this region is equal to the direct-flow method of supplying air mixture — 540.53
mg/nm’ (Figure 5a), and with a vortex method of supplying air mixtures — 497.44 mg/nm’ (Figure 5b).
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Figure 7 - Distribution the concentration of nitrogen oxide NO at the outlet
of the combustion chamber the boiler BKZ-75 with: 1 - direct-flow method of supplying air mixture
nitrogen oxide NO; 2 - vortex method of supplying air mixture nitrogen oxide NO

However, towards the exit from the combustion chamber (Figures 6-7), a uniform decrease in the NO
concentration is observed, since this region contains less oxygen and a fuel component. In addition, in the
case of using burner devices 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 oxide
NO. At the exit from the combustion chamber, the average value of the concentration of nitrogen oxide
NO with a direct-flow method of supplying air mixture is 368.08 mg/nm’ (Figure 6a and 7a, curve 1), and
with vortex burner devices — 286.56 mg/nm’ (Figure 6b and 7b, curve 2), that on 81 mg/nm’ less.
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The results indicate the advantages of choosing a vortex method of supplying air mixtures to optimize
the combustion of high-ash coal in the combustions of power plants and reduce harmful dust and gas
emissions into the environment.

Conclusion

The methods of numerical simulation are used to study the processes of heat and mass transfer in the
combustion chamber of an active coal-burning Kazakhstan TPP. Computational experiments were
performed on the combustion of high-ash Karaganda coal in the combustion chamber of the BKZ-75
boiler (Shakhtinsk, Karaganda region).

As a result of the numerical simulation of the combustion processes during the combustion of high-
ash coal, the distributions of the total velocity vector, temperature fields, concentration fields of nitrogen
oxides NO over the entire volume of the combustion chamber of the boiler and at its exit were obtained.

A comparative analysis of the characteristics of heat and mass transfer processes for the two studied
modes of supplying fuel to the combustion chamber through burners with a direct-flow method of
supplying the mixture when the burners are located on opposite side walls and a vortex method (swirling
flow) of the mixture supplying when the burners are installed with their slope to the center of symmetry of
the boiler is presented 30°.

The vortex method of supplying the mixture allows to optimize the combustion of high-ash coal, due
to the circulation movement, the residence time of the fuel particles in the combustion chamber increases,
there is an increase in temperature in the flame core and its decrease at the exit of the combustion
chamber, which has a significant effect on the chemical processes of the formation of combustion
products. In this case, the average value of the concentration of nitrogen oxide NO when using burner
devices with a swirl of the mixture flow at the outlet of the combustion chamber decreases and
corresponds to the norms of maximum permissible concentration.
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3USTHBI KAJJIBIKTAPIBI A3AMTY MAKCATBIHJIA 5)KAHY KAMEPACBIHJIA
KATTBI OTBIH/IbI )KAFY IPOLIECIH OHTAMJIAH/IBIPY

Annoranus. JKOO-HbIH Ka3aKCTaHIBIK KOJIAHBICTAFbI KOMIpP KaFaThIH JKaHY KaMepachIH/Ia )KbLUTY JKOHE Macca
aJMacybIH CaHJIBIK Mojeibaey oamictepimer 3eprrenai. bK3-75 (Illaxtunck, Kaparanasl 00JBICkI) Ka3aHIbIFBIHBIH
’aHy KamepacblHJa orapbl Kynni Kaparanipl kemipiH jkaFy Ke3iHIe ecenrey TaxipuOenepi xypriziuai. JKany
MPOLIECTEPIH CaHJBIK MOJIEINBACY/IIH HOTIIKECIHAE MbIHAJIAP aJBIHbI: KBULAAMIBIK BEKTOPBIHBIH TOJBIK Tapaiysbl,
Temreparypaiblk epic, NO a30T OKCHATEpiHIH KOHIEHTPALMSUIBIK OpICTEpiHIH JXKaHy KaMmepachlHbIH OapJbIK
KOJIEMIH/IE JKOHE OHBIH IIBIFBICHIHIA. JKaHy KaMepachblHa OTTBHIK KYPBUIFBUIAP apKbUIbI JKaHApMai KeTKI3yIiH eKi
PeKMMI  OKBUIy OHE Macca ajiMacy IPOLECTEepiHIH CHUIaTTaMallapblHa CajibICTHIPMAbl YLIIH 3€pPTTENiN Tajiaay
YCHIHBUIFAH: OTTHIKTAp Kapama-Kapchl jKaK KaObIprajaphlHAa OpHATACKaH Ke3[le aya KOCMAChIH Oepy/iH Tikeleh
o/ici KoHE KBI3JBIPFBILITAD ©31epiHiH rpanycbiMer 30 rpamycka OedimuesreH Kyie OpHAThUIFaH Ke3Jle aya
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KOCTIaChIH OepyaiH KyHbIHIbI dJici ychiHbUIFaH. KyHbIHIBI aya KOCHAachlH Oepy ofici >KOFapbl KYJIi KeMipAaiH
KaHYbIH OHTAWIaHABIPYFa MYMKIHAIK Oepeni, eiiTkeHi Oyn jkaFiaiiia amay e3eriHieri TemIieparypaHbIH
KOFapblIaybl JKOHE JKaHy KaMepachlHaH IIBIKKAH Ke3Jle OHBIH TeMeHJeyl Oaiikanmaisl, jkaHy OHIMIEpiHiH maiina
0O0JTyBIHBIH XUMUSUIBIK IPOLIECTEPiHE alTapiibIKTai ocep ereai. A30T okcui NO KOHIEHTPALUSICHIHBIH OpTallla MOHI
’KaHy KaMepachIHbIH IIBIFBICHIH/IAFbl KOCTIAHBIH aFbIHBIHBIH CEPIUTICIMEH KbI3BIPFhINI KYPbUIFbUIAPAbI MaiifanaHy
Ke3inzie Temeneitni sxxone [1OK coiikec kenei.

Tyiiin ce3nep. CanablK MoJeney, KaTThl OThIH, XXaHy KaMepachl, aya KOCIHajJapblH OepyIiH TiKeJel aFbIHIbI
KOHE KYHBIHIbI dJIiCTepI, XKbUIIAMIBIK, TEMIIEpaTypa, a30T OKCHATEPI

I Madap:xuk’, A.C. Ackaposa =, C.A.Bo.terenosa >=,
B.IO. Makcnmos’, C.A. Beaerenosa’, A.O. kumanosaz

'Yenrckuit TeXHUIECKHIT yauepcureT B [Ipare, ¢pakynbreT AUHAMUKY XHKOCTH U TEPMOIMHAMUKH,
r.IIpara, Yemckas Pecny6nmka;
*Kazaxcknit HarponanpHblit YHuBepcuter umenu anb-Dapadbu, GU3NKo-TeXHHUECKUi (akynbTeT,
r. Anmatsl, Kazaxcran;
3 Hay4Ho-uccienoBarenbCKuii MHCTUTYT 3KCIIEpUMEHTaNbHON 1 TeopeTnueckor Gpuzuku (HUNITD),
r. Anmarsl, Kazaxcran

OITUMM3AINUA ITPOLNECCA C)KMT'AHUSA TBEPJOI'O TOIIVIMBA
B TOITIOYHBIX KAMEPAX C HEJIbIO CHU’)KEHHWA BPE/ITHBIX BbIBPOCOB

AHHoTauusi. MeTomaMU YHCIIEHHOTO MOJCIMPOBAHHUSA HCCIEAOBAHBl MPOIECCH TEIIOMACCOIIEpEeHoca B
TOIIOYHOM Kamepe MeHCTBYIOIIEH yrieckuraromer KazaxcraHckod TOIl. BwImomHEHB BBIYHUCIUTEIHHBIE
9KCHEPUMEHTHI 10 CXKUTAHMIO BBICOKO30JIBHOTO KaparaHAWHCKOTO YISl B Kamepe cropanus kotia BK3-75 (r.
Maxtuack, Kaparangmackas oOmacts). B pesynprare mpoBemeHHs YHUCIECHHOTO MOJICTUPOBAHUS TOIOYHBIX
MpOIleCCOB OBUIM IONyYCHBI: pAaCHpeleNieHHss BEKTOpa IIONHOM CKOPOCTH, TEMIEepaTypHbIE TIIOJIS, IOJS
KOHIIEHTpaluii okcumoB a3zora NO mo BceMy 00bEeMy TOIOYHOW KaMepbl W Ha BbIxone w3 Hee. [IperncraBieH
CPaBHUTENBHBIN aHAJIN3 XapaKTEPUCTUK MPOIECCOB TEITIOMACCONEPEHOca IS ABYX HCCIEAYEMBIX PEeKUMOB TOAAYN
TOIUTMBA B KaMepy CrOpaHUs 4epe3 TOpesOYHbIe YCTPOICTBA: MPSIMOTOYHBIM CIIOCOO MOZAadé a’poOCMECH, Korna
TOpPENIKA PaCIoIOKEHbl Ha MMPOTHBOIMOJIOKHBIX OOKOBBIX CTEHKAaX M BHUXPEBOH CIOCOO MOJAYM a’pocMecH, KOrjaa
TOPETIKM YCTaHOBJIEHBI C HAaKIOHOM HX K IEHTPY cuMMeTpuH korina Ha 30 rpamycoB. IlokazaHo, 4To BHXpPEBOit
crnoco0 MomayM a’poCMECH TO3BOJISET ONTUMHU3UPOBATH IPOIECC CKUTAHHS BBICOKO30JBHOTO YIS, MMOCKOJBKY B
3TOM ciydae HaOmIomaeTcs yBEIWUYCHHE TEMIIEpaTypsl B Aape ¢akena W CHIDKCHHE €€ Ha BBIXOJE W3 KaMepbl
CrOpaHus, YTO OKAa3bIBAeT CYIICCTBEHHOE BIMSHHE HAa XMMHYECKHE MPOIECCH 00pa30BaHUS MPOAYKTOB TOPECHUS.
CpenHee 3HaueHHWE KOHIGHTpanuu okcruia a3ota NO Ha BBIXOJAE W3 TOIOYHOH KaMmephl YMEHBIIAETCS TpPH
HCTIOJIH30BaHUH TOPEIIOYHBIX YCTPOHCTB € 3aKPYTKOHM MOTOKA a3pOCMECH U COOTBeTcTBYeT HopMam I1/IK.

KioueBble cioBa. UncineHHOe MOJAEIHPOBaHHE, TBEPAOE TOIUIMBO, KaMepa CrOpaHHs, MPSMOTOYHBIA W
BHUXPEBOH CIIOCOOBI IOJa9! a3POCMECH, CKOPOCTh, TEMITEPaTypa, OKCHIIBI a30Ta.
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