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Calculation of coal-water fuel combustion technology
based on mathematical modeling

Calculation of technology of burning of coal-water fuel (CWF) on the basis of mathematical modelingis pre-
sented. Numerical simulation of the process of burning coal-water fuel was carried out in the software pack-
age ANSYS Fluent. It is based on the laws of conservation of mass, energy and momentum in afmultiéempos
nent medium and the solution of the Navier-Stokes equations, continuity and heat transfer. A mathematical
model of the combustion of CWF consists of three phases. For modeling the combustiongef,pulverized coal-
water fuel, using the model of breakup of eddies (Eddy-Dissipation Model) and the parametersiof injection of
droplets into the furnace were set using the «Discrete Phase Model» function. In ANSYS Fluent, a‘three-
dimensional formulation of the problem is given and the Navier-Stokes and,Reynolds-averaged energy equa-
tions are solved. To account for turbulence, a two-parameter model «k-g»is chiosendmthe course of numerical
simulation, the distribution field patterns of velocity vectors were obtained. ‘When conducting a thorough
analysis of the furnace temperature regime, we realized that the optimal combustion temperature of CWF is
700-1200 °C. The relation of the particle residence time in the eembustion chamber of the furnace on its di-
ameter is obtained.

Keywords: hydrocarbon fuel, numerical simulation, ANSYS Fluient, the\Navier-Stokes equations, the process
of burning.

Infroduction

The process of fuel combustion in techni¢al deévicesiis a difficult and expensive process, which involves
high cost of each experiment and equipment, this is @ verypcomplicated process of pre-mathematical studies.
To facilitate the process of preliminary résearchjmumerical modeling is currently used [1].

The numerical simulation of the"proéess of burning coal-water fuel was carried out in the software
package ANSYS Fluent. It is based ‘omthe laws of conservation of mass, energy and momentum in a multi-
component medium and the solutien'of the Navier-Stokes equations, continuity and heat transfer. The com-
bustion mixture depends on ghelspeed of the reaction and can occur in laminar flow and turbulent flow. The
process of burning CWF is thedurbulent combustion regime. Chemical reactions and turbulence have a mu-
tual influence, in congéquenceyef which the flame can increase turbulence by accelerating the flow and
changing the viscosity, and turbulence in turn changes the structure of the flame intensifying mixing and re-
action rates

The proce§s of bukning CWF is the combustion of a mixture that consists of water-carbon droplets and
coal particlesy[2 |“Fo describe the combustion of this mixture takes the approach of Euler and Lagrange. Ac-
cording t@ this'approach, the Eulerian component is responsible for the equations of motion, heat transfer and
combustion’in the gas medium, and the Lagrange approach is responsible for the description of the motion
and heat and mass transfer of a single particle. A two-parameter turbulence model «k-» is used to account
forgas turbulence, which also takes into account the influence of individual particles.

A mathematical model of the combustion of CWF consists of three phases. The first phase is the gas
phase,’it is described by the following equations:

1. The equation of continuity
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2. Mass balance equation of gas components:
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3. Equations of mass change of gas components:
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4. The equation of motion
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where j=1,2,3.

5. The equation of energy
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6. The equation of state J
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— the temperature and pressure of the gas;
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where U, — components of the velocity vector o

p,a — reduced density and volume fraction of gas — the rate of evaporation of the vola-

tiles and combustion of coke oven sludge; u lar and turbulent viscosity of gas; F,,0 — com-

ponents of the force and heat exchange of int interaction; J, ,,J,,0,,,,Qc — the intensity and the

thermal effect of gas-phase combustioit o atiles and carbon monoxide.

The second is the disperse pha describes the movements of particles. According to the Lagrangian
icles can be divided into different fractions, the nature of which

approach, the entire spectrum o
1 particle and transferred to all such fraction particles. The nature of

motion is determined by a si i
the particle motion is descri e following equations:
. i f icle of the 1-st group

1. Equations of
du’,
= =,(U,-Ul)+g,. (10)
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where Y, Tado o and ¢, =1 Re; R ' 1000
. ‘ e,
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o774,
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u
U; — components of the velocity of particles; p, — density of particles; d, — diameter of particles of
i-groups.
2. Equations of heat and mass transfer and combustion particles
d;’n Mevap Mivap _ Michar . (12)
t
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me ar; _ M 4 d? [amv (T-T))+e, ([—] - 40T )J_QvapMivap —LvaprV"” ’ (13)

Ci char

where m; — mass of a single particle; ¢, — heat capacity of a particle; Q,,, — calorific value of coke;

char

0,,, — the heat required for the release of volatile; L, — latent heat of vaporization; €, — the degree of

blackness of the particles; o, — the coefficient of convective heat transfer of a single particle

conv

Mass rate of vaporization of the drop: M™ :1ta’l.2kc[(pCH2 PCH2 , where

li)i{ o 0.5 0.33
k, :—2(2+0.6Re1' Sc™ ) — mass transfer coefficient; D, , — the diffusion coefficie

c
i

( PCuo )mf — density and concentration of vapor on the surface of a drop or particle.

The mass rate of flow of volatiles (Law of Arrhenius): M =k, exp ., Where

m,; — the initial mass of dry particle; f,, — mass fraction of volatiles in dry co ergy of acti-

vation.
The burning rate of the coke residue is described by the followmg quation:

Mo = ndZ,pCOZ (14)

Kk = kchar exp char (l 5)

where K, is described by the following dependency
(16)

.0 .

% on the gas phase. The control volume method is
used to account for the influence of particles asphase. To do this, the entire computational domain is
divided into a finite number of elements wit alues of the desired functions can be considered

homogeneous. And for each such elementthe values are calculated J,,,,,J s 0> £ © .
C

To calculate the parameters of the ANSYS Fluent package complex, the first step is to build
a vortex furnace model by mean of programs. Then, using the Gambit package, which is a Fluent pre-
processor, a finite difference g nstructed based on the resulting model (Fig. 1). This model includes:
nozzle (1), outlet (2), lowerfbla (3), boiler furnace (4). The finite-difference grid is constructed on
the basis of tetrahedral th uniform distribution throughout the volume, the number of which is
equal to 300000 cells.

D
K,=—2=

And the final phase is the effect of the disperse

3

1 —nozzle; 2 — outlet; 3 — lower blast system; 4 — boiler furnace
Figure 1. Finite difference grid
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In ANSYS Fluent, a three-dimensional formulation of the problem is given and the Navier-Stokes and
Reynolds-averaged energy equations are solved [3—5]. To account for turbulence, a two-parameter model
«k—e» is chosen. The equations are solved taking into account the implicit scheme of the 2nd order of accu-
racy in space for the convective terms of the equations. Thermo-physical properties of air are calculated by
polynomial dependence on temperature. For modeling the combustion of pulverized coal-water fuel, using
the model of breakup of eddies (Eddy-Dissipation Model) and the parameters of injection of drops in the fur-
nace was set using «Discrete Phase Model».

To initialize the numerical simulation, the following parameters were specified:

1) Source data — heat output of the furnace — 0.3 Gcal/h; the flow rate of the CWF through th
izer — 200-300 kg/h; mass fraction of solid phase — 42—58 %; ash content of coal in CWF — 7 %; thi
ticle size— 0—100 pum; velocity of the fuel particles is 30—60 m/s; air pressure — 0.2—0.5 MPa;
combustion air — 0.001-0.002 MPa; the excess air ratio is 1.1 to 1.4.

2) Boundary conditions on the air supply through the nozzle: velocity of gas — 50 emperature —
300 K; turbulent energy — 0.1 k; energy dissipation rate — 0.1 E.

3) Boundary conditions for the supply of air through the lower blast system-hole wi 3mim; gas ve-
locity — 30 m/s; temperature — 300 K; turbulent energy — 0.1 K; energy dissipation 1E.

In the course of numerical simulation, the distribution field patterns of vel e ere obtained
(Fig. 2).
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In Figure 2 it is seen that pper region of the furnace and on the left border of the nozzle are
formed areas of high speeds. It can also be observed that when the fuel is fed through the nozzle, it is picked
up by the air flow comiing the lower ducting system, and twists, as a result of which the speed in-

er boundary of the furnace.

creases to reach t

Figure 3 s ¢ dependence of the particle residence time in the combustion chamber of the furnace
on its diameter. seen that the larger the diameter, the longer the particles will burn, also from the
previous n be concluded that the particles entering the combustion chamber will move along a
spi a

y=0,0149x+0,4745

Bpems,c
L}
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LluamerTp 4actuu, MKm

Figure 3. The residence time of the droplets of particles in the boiler furnace
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The data of the numerical experiment are well approximated by the linear dependence:
t=0.0149d +0.4745.

Due to the device of the vortex furnace, it helps to increase the retention time of burning particles in the
furnace space, which has a beneficial effect on the reduction of ash residue and volatiles. When conducting a
thorough analysis of the temperature regime of the furnace, we realized that the optimal combustion tem-
perature of CWF is 700-1200 °C.

We observed that after prolonged fuel flow in the vortex furnace, the temperature levels off and reach
1143 °C, which provides isothermality, the stability of combustion andsmall under burning of fuel.

This work was financially supported by the RFBR project Mol nr 19—38-50058.
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H.K. Tanamesa, JI.JI. MunbskoB, A. K gIngydeprenosa, K. K. Canenona

MareMaTHKAJBIK MO/eJIb/iey HETI3iHAe Cy/IbI-KOMipJli OTBIHHBIH
JKAFy TEXHOJIOLUSICBIH ecenTey

MaremaTukanblK Mojenbaey Herisinae, cysbl-keMipii oPeiHabl (CKO) jkary TEXHOJIOTHSCHIH ecenTey
ycoHbpUFaH. Cymbl-KeMipill OTHIHHBIH sKaHy yEepicin cannblk mozensaey ANSYS Fluent Garmapmamanap
nmakeTiHge >Kyprisimmi. Onm kenm OMHOHEHTTI OpTaja MAacCaHBl, SHEPTUSHBl XOHE MMITYJIbCTI Cakray
3agnapeiHa koHe HaBbe-Croke MreHmeylepiH IIemryre, SKbUIYJBIH Y3UIMEyiHe JKOHE TachIMallaHybIHa
Herizgenred. CKO »xaHy cuImaTTaMachbHBIH MaTeMaTHKalIbIK Mozemi yim ¢asagaH Typazasl. lllambeipaHks!
CYJIBI-KOMIpJIi OTBIHHBIH JKaHYBIH MOAENbICY YLIIH KyHbIHHBIH biasipay Mozeni (Eddy-Dissipation Model)
HaiiaIaHblIbl, a1 OTREIKKA TaMuIBl MHKEKIUACHIHBIH napamerpiepi «Discrete Phase Model» dyHkuuscsa
naiinanany apkpuiel KOHBUIABR, ANSYS Fluent-te ecentiH yml enmemai TYKBIPHIMBIH aHBIKTAHAbI JKOHE
HaBbe-CToKC TeHAeyJIepi koHe PeiiHomnbac OoiibIHIIa opTanrananFan dHeprus wenrineni. TypOyaeHTTimikTi
ecerke any YIfiH ekl mapamerpiik «k-e» yirici Taganael. CaHIBIK MOJAENbICY OapbhIChIHAA >KBULIaMJIBIK
BEKTOpJIApEIH Q611y epiCiHiH cyperrepi ainbiHABL OTTHIKTBIH TEeMIEPAaTYPAIbIK PEeXXHMIHE MYKHAT Tajgay
KYprizy Kesinne CKQ xanysHbIH oHTaimsl Temmeparypacsl 700-1200 °C exenin monenpeni. CoHbIMEH
KaTap OTTHIKTEI, JKaFy KaMepachIHIarbl OeJmeKTepAiH OO0y YaKbITBIHBIH OHBIH JHaMeTpiHe ToyeJIuIiri
QIBIHJIBL.

Kinmg coezoep: cynbl-keMipii OTHIH, caHAbIK Mogenbaey, ANSYS Fluent Oarmapnamacer, HaBbe-Croxc
TeHdieyiepi, )KaHy mporeci.

H.K. Tanamesa, JI.JI. MunbkoB, A.)K. Tneybeprenora, K.K. CaxernoBa

Pacyer TeXHOJIOIrHH CKUTAHUA BOAOYI0JIbHOIO TOIINBA HA OCHOBE
MAaTEMATHICCKOT0 MOJIC/IUPOBAHUSA

IIpencraBiien pacueT TEXHOJOTHHU CXKHTAHMS BomoyroipHoro tommsa (BYT) Ha ocHOBe MareMaTHYecKOTro
MoJenpoBaHus. YrcieHHOe MOJIEIMPOBaHKE MIPOoLecca CKUTaHUS BOJAOYTOJIBHOTO TOIUIHBA MIPOBOAMIOCH B
nakere nporpaMmm ANSYS Fluent. OHO ocHOBaHO Ha 3aKOHaX COXPAaHEHHS MAcChl, SHEPTHU M UMITyJbCa B
MHOTOKOMIIOHEHTHOH cpefie U pemeHus ypaBHeHuii HaBbe-CTokca, HEpa3phIBHOCTH M IepeHoca Temia. Ma-
TeMaTn4eckas MoJienb onucanus ropernst BYT cocrout u3 tpex ¢a3. s MoaeMpoBaHusi TOPSHHs Paciibl-
JICHHOTO BOJIOYTOJIFHOTO TOILUIMBA MCIIOJIb30Bajach Mozeinb pacnana suxpeit (Eddy-DissipationModel), a ma-
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paMeTpbl MHIKEKLHH Kalenb B TONKY 3aaBaliiCh C Hcmojb3oBanueM (ynkiun «DiscretePhaseModel».
B ANSYS Fluent 3amaercs TpexmepHas MOCTaHOBKa 3afadyd M peuraioTcs ypaBHeHus HaBbe-CTokca u
SHEPTUHM, ocperHeHHble 1o PeliHonbacy. s ydera TypOylaeHTHOCTH BbIOMpaeTcs AByXHapaMeTpHuecKas
mozenb «k-e». B xome uncieHHOTO MOAEMMPOBaHUS OBIIN MOTYYeHBI KAPTUHBI MTOJIS PACIIPEISIICHUS] BEKTO-
poB ckopoctu. IIpu mpoBeneHNN TIIATENFHOTO aHAN3a TEMIIEPAaTypHOTO PeXMMa TOIKH JJOKA3aHO, YTO OI-
TUMasbHas Temreparypa cxuranus BYT cocrasmser 700-1200 °C. Kpome Toro, moxydeHa 3aBUCHMOCTH
BpPEMEHU NpeOBIBaHUS JaCTUIIBI B KaMepe C)KUTAHUS TOIIKH OT €€ J{aMeTpa.

Kniouesvie cnoea: BOROYrojbHOE TOIUIMBO, YHCIEHHOEe MoaenaupoBanue, nporpamma ANSYS Fluent,
ypaBHeHust HaBbe-CToKca, Ipo1ece ropeHHs.
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