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STUDY OF THE AERODYNAMICS OF THE FLOW OF THE COMBUSTION CHAMBER OF A POWER PLANT WITH
VARIOUS SUPPLY OF SOLID FUEL

Numerical modeling methods have been used to study the effect of an emergency stop of the fuel mixture
supply through individual burners on the aerodynamics of the flow in the combustion chamber of a power
boiler. The performed computational experiments made it possible to obtain the main aerodynamic
characteristics of heat and mass transfer processes (full velocity vector, pressure, kinetic energy of turbulence
and dissipation energy) in the volume of the combustion chamber and at the exit from it in emergency mode
(two swirl burners are operating) and compare them with traditional solid fuel combustion (basic mode - four
direct-flow burners are working). The results obtained indicate that with a vortex fuel supply in the central
region of the combustion chamber, a sharp change in aerodynamic characteristics is observed with the
formation of a vortex flow, which weakens as the pulverized coal flow and combustion products move to the
exit. The presence of a vortex flow causes stable combustion of solid fuel and uniform distribution of heat
flows along the walls of the combustion chamber. In addition, the vortex nature of the flow increases the
residence time of coal particles in the combustion chamber, which contributes to a more complete burnout
and a decrease in the mechanical underburning of the fuel mixture. Such a detailed study of the aerodynamic
flow pattern that takes place in the combustion chamber of power boilers of operating TPPs can only be
obtained by numerical simulation methods and by performing computational experiments. The highly
informative results obtained make it possible to develop “clean” energy production technologies and solve
environmental problems of the emission of harmful substances into the environment.

Keywords: numerical simulation, combustion chamber, turbulence model, velocity, pressure.
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KaTTbl OTbIHAbI apTYpAi bepyre HerizgenreH HIC aHy KamepacbiHAaFbl aFbICTbIH, a3POANHAMUKACHIH
3epTTey

CaHablk, MoAenbaey SAICTEPIMEH 3SHEpPreTMKaNblK, —Ka3aHAbIKTbIH, *KaHy KamepacblHAafbl afblc
3a3POAMHAMMKACBIHA KEKEeNEreH XaHapfbl KYPbIAFblIapbl apKblabl OTbIH a3poKocnackl HepinyiHiH, anaTtTbik,
KigipiciHiH, acepi 3epTTeniHai. MyprisinreH ecentey Taxkipnbenepi »aHy KamepacblHbIH, KeAeMiHae KaHe oaaH
WbIKKAH Ke3de anaTTblK pexumae (eki KyWbliHAbl KaHapFbl YKYMbIC iCTeilAi) »Kbllymacca TacbiMasibl
npouecTepiHiH, Heri3ri  aspoAMHaMMKanblK CUNaTTamanapbiH - (TOAbIK KbIAAAMAbBIK BEKTOPbI, KbICbIM,
TYPOYAEHTTINIKTIH KUHETUKANIK SHEPIUACHI KaHE AMCCUNALLMA SHEPTUACHI) aNyFa KaHe 01ap/bl KaTTbl OTbIH/bI
OBCTYPAI KaFyMeH canbiCTbipyFra (6a3anblK PerMmMm — TOPT Typa afblHAbl *KaHaPFbl KYMbIC iCTeAi) MyMKIHAIK
bepai. AnbiHFAH HOTWMXKeNep *KaHy KamepacbiHblH, OPTablK O06/bICbIHAA KyMbIH KETKI3iNYiIMEH aFbICTbIH,
a3pOAMHAMMKANIK CUNaTTamanapdblH, KypT e3repyi 6aiKanaTbiHAbIFbIH KOPCETTI, KyMblHAbl afblH Manga
60na/bl, COHFbICHI LLIAHKOMIPAI afblH MEH KaHy eHIMAEPIHIH LWbIFbICKA Kapal Kby AeHrenimeH ancipen
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Tyceni. KymbiHAbl afbICTbIH 6ONYbI KaTTbl OTbIHHbIH, TYPAKTbl }aHYbIH KaHE KaHy KamepacbiHbIH, Kabblpranapsbl
HOMbIHLLIA Kby afblHAAPbIHbIH, BipKenKki TapanybiH KamTamacsi3 eTei. COHbIMEH KaTap afblHHbIH, KyMbIHAbI
cunatbl Kemip BesnlieKkTepiHiH *aHy KamepacbiHAa 601y yaKbITbiH apTTblpabl, 6y OTbIH a3POKOCNAChIHbIH,
TONbIK KaHbIM BiTyiHe KXoHe MexaHWKaNbIK ¥KaHyablH TONbIMCbI3AbIFbIHBIH TOMeHAeYiHe biknan eTeni. HKIC
3HepreTUKanblK KasaHObIKTapbIHbIH, KaHY KamepacbiHAa »Ky3ere acaTblH afblHHbIH a3pOAMHAMMKaANbIK,
HenHeciH MyKMAT 3epTTeyepi TeK caHOblK MOAe/bAey SAICTEPIMEH KaHe ecenTey TaxkipnbenepiH Kyprisy
apKbinbl  anyfa 6Gonadpl. AnblHFAH KOFapbl  aKNapaTTblK HITUMKeNep 3Heprua eHAipyadiH, «Tasa»
TEXHONOIMANAPbIH d3ip/aeyre »KaHe KopllaraH opTafa 3MaHAbl 3aTTap  LWbIFAPbIYbIHbIH, 3KOAOTMANBIK
npobaemanapblH LWellyre MyMKiHAK bepeai.
TyliH ces3aep: caHAbIK MOAeNbAgyY, KaHy Kamepacsl, TYpOYNeHTTINIK Moaeni, XKblNgamablK, KbICbIM.
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MccneposaHve asapoavHaMUKM Te4eHUA Kamepbl cropanHma TIC
C pa3/yHOM Nogavyen TBepLAoro Tonavea

MeTofammn YMCAEeHHOr0 MOAENMPOBaHMA NMPOBEAEHO UCCAeA0BaHME BAUAHWUSA aBapUIMHOM OCTaHOBKM
noJauyn TOMNMBHOW a3pOCMECH Yepes OTAEe/bHble rOpesoYHble YCTPOWCTBA Ha aspoaMHAMUKY TeYeHMUA B
Kamepe CropaHua 3HepPreTMYecKoro KOT/Aa. BbINOMHEHHbIE BblYMCAUTE/IbHLIE 3KCMEPMMEHTbI MO3BOAMAN
NOY4YUTb OCHOBHbIE a3POANHAMMUYECKME XapPaKTEPUCTUKM NPOLLECCOB TEM/0MacCconepeHoca (BEKTOp NOMHOWM
CKOPOCTW, OaBAEHWUE, KMHETUYECKAA SHeprus TypOyNeHTHOCTM M IHeprna Auccunaumm) B obbeme Kamepsbi
CropaHuA 1 Ha BbIXOAE M3 Hee NpW aBapuiMHOM pexknme (paboTatoT ABe BUXPEBbLIE FTOPEKM) M CPAaBHUTbL UX C
TPAAMLMOHHBIM CMUIaHMEM TBEPAOro TONAMBa (6a30Bbli peXkMM — paboTatoT YeTbIpe NPAMOTOUHbIE FOPEKH).
Mony4YeHHble pe3yabTaTbl CBMAETENbCTBYIOT O TOM, YTO NPV BMXPEBOM Nodadye TOMAMBA B LLEHTPAsIbHOW
06/1aCTM  Kamepbl CropaHua HabaogaeTcd pPeskoe M3MEHEeHWe aspoAMHAMUYECKMX XapaKTepUCTUK C
06pasoBaHMEM BMXPEBOr0O TeYEHMS, KOTOpoe ocnabeBaeT No mMepe NPOABMMKEHNA MblEYrobHOTO NOTOKA U
NPOAYKTOB rOpPeHMs K Bbixody. Hannumne BuxpeBoro TedeHuns obycnaBamnsaeT cTabuabHOe ropeHne TBEPAOro
TON/MBA M PAaBHOMEPHOE pacnpeAenieHme TenMoBbIX MOTOKOB MO CTEHKAM TOMOYHOM Kamepbl. Kpome Toro,
BUXPEBOW XapaKTep TeuyeHusa yBesMYMBAET BPems NpebbiBaHWA YrofibHbIX YacTUL, B KaMepe CropaHus, yTo
cnocobcTeyeT 60/1ee NMOAHOMY BbITOPAHUIO U CHUMKEHWIO MEXAHMYECKOTO HEeZ0Kora TOMMBHON a3poCMecH.
Takoe noapobHoe MuccnefoBaHWE a3POAMHAMMYECKON KapTWHbI TEYEHWA, UMEIOLEN MECTO B Kamepe
CTOPaHMUA 3HEpPreTUYecKUx KOTN0B AeicTaytowmnx TIC, MOMHO MOAYYNTb TOSbKO METOAaMWM YMCNEHHOro
MOZe/IMPOBaHMA 7 nyTem  npoBeAgHus BbIYUC/IUTENbHbBIX ~ SKCMEPUMEHTOB. MonyyeHHble
BbICOKOMHDOPMATUBHbIE pe3y/bTaTbl MO3BOAAOT pa3pabaTbiBaTb “YMCTbie” TEXHOOTUKW MPOU3BOACTBA
SHEeprMM 1 peLlaTb 3Ko0rMYeckmne npobaembl Boibpoca BpeAaHbiX BELLECTB B OKPYXKatOLLYO cpeay.

KnioyeBsble €/10Ba: YNCAEHHOE MOAENMPOBAHNE, KaMepa CropaHua, Moaenb TypbyNeHTHOCTM, CKOPOCTb,
OaBneHue.

Introduction

The problem of greenhouse gas emissions has
now grown into a common human problem associated
with global climate change on earth, flooding of vast
land areas, desertification, etc. The greatest harm to
the environment is caused by enterprises of heat
power engineering, oil and gas industry and
mechanical engineering. The share of energy
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enterprises in the total volume of environmental
pollution by fuel combustion products is quite large.

This problem is especially acute for Kazakhstan
since coal is the main source of heat and electricity in
the republic. Coal is the most abundant natural
resource. A positive moment in the use of this type of
fuel is its huge natural reserves, exceeding the
reserves of oil and natural gas. In the context of a
constant rise in the cost of hydrocarbon energy
carriers, the use of coal is the most economically
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profitable in various sectors of the economy of the
Republic of Kazakhstan, especially in coal-mining
regions. Coal-fired TPP plants use low-grade Kazakh
coal with high ash content (30-50%), moisture (30-
40%), sulfur content (1-3%) and low volatiles (5-
15%). Its  combustion  causes  substantial
environmental problems, including a rise in toxic dust
and gas emissions, as well as a deterioration of fuel
ignition and burnout [1, 2].

Today, the question of the design and safety of a
solid fuel combustion system is especially acute for
boilers during their modernization or during the
construction of power units "from scratch”. The tool
for mathematical 3D modeling of complicated heat
and mass transfer processes in operational boiler
combustion chambers is becoming increasingly
popular, allowing you to assess offered technological
solutions subjectively and quantitatively, as well as
perform independent study.

However, sufficient precise and useful
knowledge regarding the regularities of the
occurrence of physical and chemical events under
conditions like natural ones, as well as physical and
kinetic characteristics that can only be gathered by
experiments, is required for its application. A
complete and accurate description of all ongoing
processes in steam generators, furnaces, together with
modern computational algorithms and using modern
computer technology, make it possible to solve these
problems for specific power plants [3, 4].

In the boiler unit during operation, damage can
occur, malfunctions can occur that create dangerous
situations, fraught with failure of the equipment or the
boiler unit, destruction with large material losses and
human casualties. Elimination of detected violations
and defects is possible, considering damage, without
stopping the boiler unit or with its obligatory
immediate stop.

The shutdown of the boiler can be divided into
three groups: planned, short-term and emergency,
depending on the circumstances. Planned (complete)
shutdown of the boiler is carried out according to the
schedule, a 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 can cause an accident [5, 6]. When the steam
pressure in the boiler rises above the permissible
level, due to a malfunction of the pressure sensor and
all water-indicating devices, the presence of
significant damage to the boiler's elements, or the
detection of abnormalities in the boiler's operation, an
emergency shutdown of the boiler may occur. [7-9].

Below are the results of computational
experiments on the study of heat and mass transfer
processes using the example of a real BKZ-75 boiler
at Shakhtinskaya TPP, in the furnace of which high-
ash Karaganda coal is burned with an ash content of

35.10%. Various methods of solid fuel supply (basic

and emergency mode) are considered and the main

characteristics are determined that describe the

aerodynamics of the flow in the furnace space.
Research Object

The combustion chamber of the BKZ-75 boiler
at the Shakhtinskaya TPP was chosen for numerical
testing (Figure 1). The BKZ-75 boiler's furnace
chamber is equipped with four axial-blade vortex
pulverized-coal burners, which are arranged in two
stages on the chamber's side walls, with direct dust
injection from separate dust preparation systems. The
boiler uses dust from Karaganda coal, which has a
35.10 percent ash content, a 22 percent volatile
output, a 10.6 percent moisture content, and a heat of
combustion of 18.55 MJ/kg. Table 1 shows the key
structural features of the BKZ-75 boiler's combustion

chamber.
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Figure 1 — Combustion chamber geometry (a) and
finite difference mesh (b)

Table 1: Basic geometric parameters of the
combustion chamber of the BKZ-75 boiler

Name Symbol | Unit Value
Height of the H m 16.75
combustion chamber
Width of the b m 6
combustion chamber
Depth of the r m 6.6
combustion chamber
Frontal and posterior | Fy,, F, m? 90.675
wall area
Area of the right-side F, m? 92.4
wall
Area of the left side F;, m? 110.55
wall
Top wall area F, m? 27.72
Bottom wall area Fy m? 7.26
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The cross-sectional E, m? 0.12
area of the air channel
burner
The cross-sectional Fy, m? 0.25
area of the secondary
air duct in the burner

The German computer software system

FLOREAN was used as a starting point for
conducting computational experiments to explore the
mechanisms of heat and mass transfer in the
combustion chamber of a CHP boiler [10-12]. This
software system enables complicated computational
experiments on modeling reactive multiphase flows
in different scenarios, and it is widely used in
Germany to investigate heat and mass transfer
processes in combustion chambers of numerous
thermal power plants. Numerous computer studies on
the combustion of pulverized coal fuel in the
combustion chambers of thermal power plants in
multiple countries were undertaken by German
colleagues (Germany, England, Croatia, Greece,
Romania, etc.). Full-scale tests carried out directly at
running TPPs were used to successfully verify the
achieved results.

We established an approach for utilizing the
FLOREAN software system throughout the
dissertation study. The reality is that Kazakh coal
(with an ash concentration of up to 50%) differs
greatly from German coal (with an ash level of
roughly 8%), as do the geometry of domestic
combustion chambers and the manner of providing
fuel and oxidizer. We had to augment, expand, and
test the FLOREAN start-up software system to
undertake computational studies on the burning of
high-ash Kazakh coal at Kazakhstan Republic TPPs.

In accordance with the given geometry of the
BKZ-75 boiler, a finite-difference grid was created
for numerical simulation, which for the studied
combustion chamber BKZ-75 has steps along the X,
Y, Z axes: 59x32x67, which is 138,355 control
volumes (Figure 1). Calculations according to the
numerical model are performed for the conditions
adopted in the organization of a real technological
process of fuel combustion at TPPs.

Computational studies were carried out to
investigate alternative modes of feeding pulverized
coal to the combustion chamber using computer
modeling methods: 1) direct-flow technique of
supplying air mixture - burners are located on
opposite side walls (Figure 2b); 2) vortex technique
of air mixture supply - only two vortex burners
operate with the swirl angle of the air mixture flow
and their inclination to the center of symmetry of the
boiler by 30 degrees, and two are in emergency mode,
out of four burners (Figure 2a).

The main aerodynamic parameters (velocity,
pressure, Kinetic energy of turbulence, and energy of
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dissipation) of the heat and mass transfer process in
the combustion chamber in the volume of the
combustion chamber and at the outlet were obtained
using computer experiments.

a) emergency mode

b) basic mode

Figure 2 — Layout of burners of the combustion
chamber

Physical and Mathematical Model

Physical-mathematical models used in this study
include a system of three-dimensional Navies-Stokes
equations, heat, and mass transfer equations, with
source terms determined by the process's chemical
kinetics, nonlinear effects of thermal radiation,
interfacial interaction, and multi-stage chemical
reactions. The basic equations used to solve the
problem are [13-15].

The law of conservation of mass (continuity
equation):

dp

0
Fr F (ru;) = Spy. €]

The law of conservation of momentum (Navies-
Stokes):
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aoP
(pul J) + =y 6_ +pSm, (2)
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where p is the density, u;, u;, are velocities in the
directions i, j, x;,x; are Cartesian coordinates, 7;; is
the viscous stress tensor, P is the pressure, S,, is the
interfacial interaction force.

The law of conservation of energy (the first law
of thermodynamics):

(oh) = d (o) aq; % 4 dP
¢ P ax; P ox; | ot
POVCLANIL B 3
Ui g T i gy, TS 3)

where h is the specific enthalpy, q;®° is associated
with the energy transfer due to thermal
conductivity of the substance flow and diffusion, Sy,
is the energy source due to chemical reactions and
heat exchange by radiation.

The law of conservation of mixture components:

) ) dj;
a(pCﬁ) = _a_xl(pcﬁu‘) +a—le+Sﬁ, (4)

where Cz is the mass concentration of 5 component
B,j,1 isthe mass flow in the i -th direction, S is the
source term of component S.

A system of turbulent transfer equations was
utilized to calculate the aerodynamic properties, with
the conventional k-turbulence model as the closure.
This model has shown stability, efficiency, and fair
accuracy in investigations of heat and mass transfer
processes in turbulent reacting pulverized coal flows,
making it ideal for solving industrial challenges. The
standard k-&¢ model is represented by the turbulent
kinetic energy transfer equation:

d(pk) _ a(pujk)
ot ax]
d Uerr ok
+6_xj[_ak a—x] +P—p-g (5)

and the dissipation equation (transformation of the
kinetic energy of turbulence into internal energy) of
turbulent kinetic energy &:

a(ps) a(pu]s) [ueff as]
+
at 0x; c')xj ge 0x;
€ €
+C£,1'E'P_C£,2'7'p- (6)

The basic equations used in this work can be
written in generalized form as follows:

L

aCB

(pg) _ _ d(pu, @) _ d(puz9) _ d(puz )
ot 0x1 0x, 6x3
d¢
axl [F¢8x1] axz[ ¢6x2]

d
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where ¢ is a transport variable; Sy is the source term,
which is influenced by the process' chemical kinetics,
nonlinear thermal radiation effects, interphase
interaction, and multi-stage chemical reactions. The
above system of equations is solved numerically
using the control volume method described in detail
in and used in numerical computations of high-ash
coal combustion in Kazakhstan’s thermal power
plants.

To solve the problem, the mathematical model
should include specific initial and boundary
conditions for desired functions (velocity,
temperature, mixture component concentrations, and
so on) that correspond to the geometry of the chosen
combustion chamber and the real technological
process of fuel combustion at TPPs.

Initial conditions;u = 0, v=0, w = 0,

= 0,at t = 0.

The boundary conditions are set on the free
surfaces, which are the burners, the exit from the
furnace chamber of the boiler and the plane of
symmetry.

Input: u; are speed values, cg is the initial
concentration of each component, the enthalpy h is
determined by the input flow temperature from the
following relation:

oh
Cp =7~ (7)
oT

where T is the temperature at the inlet (experiment or
calculation).

Output: on

=0, =

6xl-

aui

=0,

0x; normalA

normalA

d - .
ad = 0 are derivatives of velocity, enthalpy

9xilpormala
and concentration of components normal to the output
plane.

In the plane of symmetry: u;|,ormars = 0 is the
velocity normal to the plane of symmetry,

=0,— = 0, are the derivatives
0x; normalS Bxl normal$S

of velocity and enthalpy normal to the plane of

symmetry, on =0 is the derivative of the
taS

axi
enthalpy tangential to the plane of symmetry,

=0 is the derivative of component
9%ilhormals

concentrations normal to the plane of symmetry.
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On the solid surface: Uilnormaiz = 0,

= 01 uiltaB = O!aplbgundary = 0 iS the
normalB -
correction for pressure on the border of the solid

= 0.
normalB .
The boundary conditions for the temperature on

the wall are determined by the convective heat
flux qy, = a(Tsteam — Tsurp)- In case of variable
temperature of the wall of the combustion chamber,
the heat flux can be calculated by the formula:

aui

6xi

dc
surface, —

Xi

q = 6(Tpg — Tsufr) + ClZ(TI?G - Tsf}urf)f (8)

convection

radiation

where €y, = €1,0, T ¢ is the temperature of the flue
gases, T, Is the surface temperature of the chamber

wall, a is the coefficient of heat transfer by
convection, W/(m?K), &, is the emissivity wall, o is
the Boltzmann constant, W/(m2K*).

Results and Discussion

Figures 3 and 4 show the distributions of the full

velocity vector v = VU? + V2 + W? in its various
sections of the combustion chamber of the BKZ-75
boiler. The full velocity vector is indicated in the
figures as arrows of various colors. The direction of
the arrow indicates the direction of the velocity of the
medium, and using the color scale, you can determine
its numerical value. The case under study (emergency
mode of two burners) is compared with the base case
(four once-through burners). The resulting fields of
the total velocity vector make it possible to analyze
the movement of reacting flows in the furnace space
in its various sections, which are indicated here in the
figures.

It should be emphasized that the numerical
values are not equal. of the total velocity vector in
both modes differ significantly. This is since when the
boiler is operating in the basic mode, four burners are
used, through which the aerosol mixture with the
oxidizer is supplied, while in the emergency mode,
only two burners operate, through which (to avoid a
change in the excess air ratio and loss of total power)
approximately the same amount of coal dust and air.
Thus, with the same diameters of the burner channels,
in an emergency mode, the amount of air mixture and
oxidizer is involved with a high flow rate,
respectively, and the velocity of their outflow will
significantly increase.

The residence period of coal particles in the
middle of the combustion chamber rises in the
presence of a vortex flow in the vertical plane. As a
result, an increase in the flow rate has no discernible
impact on the general organization of the boiler's
emergency operation. As a result, at the combustion
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chamber's exit, we obtain a uniform flow with about
the same velocity in both circumstances (Figure 4).

The aerodynamic picture shown in Figures 3
and 4 fully characterizes the behavior of the
pulverized coal flow and corresponds to the actual
physical processes occurring in the combustion
chamber of the BKZ 75 boiler installed at the
Shakhtinskaya TPP.

Full velocity vector, m/s

a) emergency mode b) basic mode

Figure 3 — Distribution of the total velocity vector in
the central section (y=3.3 m) of the combustion
chamber
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Full velocity vector, m/s
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b) basic mode

Full velocity vector, m/s
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a) emergency mode

Figure 4 — Distribution of the total velocity vector at
the exit from the combustion chamber

The distribution of the Kkinetic energy of
turbulence in the main sections of the combustion
chamber is shown in Figures 5 and 6. The vortex
region with the greatest changes in velocity
fluctuations, as well as the region with the most
intensive processes of physical and chemical
transformations of pulverized coal, is the area of
installation of burners. In this part of the combustion
chamber, the oxidation reactions of the fuel
components proceed at the highest rate, as evidenced
by the maxima in the distribution of the turbulent
characteristics of the process.

Figures 7 and 8 depict the dissipation energy of
kinetic energy of turbulence in the longitudinal
portion of the BKZ-75 boiler's combustion chamber
at Shakhtinskaya CHPP. It can be seen from the
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presented figures that the dissipation energy reaches
its maximum values in the belt of burners at a height
of 4 meters, since this area is a zone of collision of
pulverized coal flows, which is caused by a non-
stationary disturbance of the swirling flow and in
which a sharp jump of turbulent pulsations is
observed. The non-stationary disturbance of vortex
flows has the greatest effect on the length of the torch,
its emissivity, as well as on the intensity of heat and
mass transfer processes during the combustion of
pulverized coal in the combustion chamber. The
described behavior of the total velocity vector is also
consistent with the pressure distribution in the
combustion chamber.

- e ooss
0.1 80 9.11e-008 nz

a) emergency mode b) basic mode

Figure 5 - Distribution of the kinetic energy of
turbulence in the cross section of the burners
of the combustion chamber BKZ-75 of the
Shakhtinskaya TPP
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Figure 6 — Distribution of kinetic energy of
turbulence in the central section (y=3.3 m) of the
combustion chamber

The three-dimensional pressure field in the
longitudinal sections of the combustion chamber is
shown in Figures 9 and 10. An analysis of the figure

shows that the pressure decreases along the height of
the combustion chamber. In addition, a pronounced
minimum is observed in the area where the burners
are installed. This is explained by the fact that in this
area there is an interaction of two oppositely directed
flows of pulverized coal, which, penetrating each
other, create a rarefaction in the combustion chamber.
Further, the pressure continues to decrease with the
height of the combustion chamber up to the section of
the rotary chamber of the boiler, where, due to a
change in the geometry of the combustion chamber,
the air flows are redistributed and the pressure at the
outlet of the combustion chamber is 7 Pa.
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Figure 7 - Distribution of dissipation energy in the
cross section of the installation of burner devices of
the combustion chamber
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Figure 8 - Distribution of dissipation energy in the
central section (y=3.3 m) of the combustion chamber
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Figure 9 - Pressure fields in the burner section
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Figure 10 - Pressure fields in the central section
(y=3.3 m) of the combustion chamber

Conclusion

The aerodynamic properties established during
the computer experiment are representative of the
genuine technical process seen in the combustion
chambers of running TPP boilers. The above results
show that there is a sharp change in the aerodynamic
characteristics of the process (velocity, pressure,

kinetic energy of turbulence k, energy of dissipation
g) in the central region of the combustion chamber,
with the formation of a vortex flow, which weakens
as the combustion products move towards the
combustion space's exit area.

The presence of a vortex motion allows the flame
to ignite and stabilize more quickly. Hot gases are
pulled into the torch, where they heat the combustible
mixture and increase the ignition intensity. Active
ascending fluxes are also present along the furnace's
walls, which influences the convective component of
heat transmission in the combustion chamber. Greater
flame ignition at the burner's outlet is caused by the
vortex nature of the flow movement inside the
combustion chamber, and increased heat and mass
transfer in the vortex worsens burnout.

At the same time, it is feasible to produce
consistent heating of the combustion chamber
surfaces and decrease slagging, extending the
equipment's life. Due to the circulation of particles in
the vortex flame, combustion proceeds with sufficient
completeness, even with coarse grinding, which
makes it possible to significantly expand the range of
coal dust used. The study findings will enable
effective control of fuel combustion processes in real
power plants with the required impact on various
parameters, as well as finding the best burner design
solutions, developing optimal methods for burning
high-ash coal, and reducing harmful dust and gas
emissions into the atmosphere, all of which will
undoubtedly contribute to solving urgent problems in
thermal power engineering.
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