Eurasian ChemTech Journal 4 (2002) 147-151

The Modeling of Chemical Technological Processin the Fire Chambers

A.S. Askarova, S.A. Bolegenova, E.I. Lavrishcheva, 1.V. Loktionova'
Physical Faculty, al-Faraby Kazakh National University, 480012, Almaty, 96 Toli bi Str., Kazakhstan

Abstract

In this paper the results obtained by the method of numerical modeling of Ekibastuz coal burning in
furnace on the example of fire chamber fixed on Aksy hydroelectric station are represented. Numerical
experiment was carried out on the basis of three-dimensional equations of convective heat and mass
transfer, taking into account the heat propagation, heat radiation, chemical reactions and multiphase
structure of the medium. After the numerical experiment, the pictures of temperature distribution on the
height of the chamber and concentration of CO, CO,, ash and coke distribution along the chamber were

obtained. The results are represented graphically.

I ntroduction

At the present timetheinvestigation of combustion
processes of solid fud is of great interest due to the
mounting ecological problems in many regions of
Kazakhstan. Previously themain effortswere directed
at the increase of efficiency of coal fuel use. How-
ever, presently, first of al, it isnecessary to reduceto
minimum or exclude completely the toxicantcy of
combustion products[1].

Products of combustion contain different harmful
substances and the emission of these components
growsinto agreat problem. Industrial devel opment
causes an increase in hydrocarbonaceous fuels
consumption. These fuels contain harmful and poi-
sonous components such as carbonic oxide (CO), ni-
tric oxide (NO), sulphur dioxide, acid sulphate, lead
combinations and different hydrocarbons etc.

To decrease emissions of harmful substancesvari-
ousmethodsare applied, including specid fireregimes
(organization of combustion process), which sup-
pressesthe formation of harmful substancesinflame
and two-stage burning, when the burners work with
low air surplus.

Inthiscase numerical experimentsbecame one of
the most effective and suitable means for detail
analysisand in-depth study of physical and chemical
phenomenal[2].

In contrast to construction of an operating reduced
mode! of the chamber, the three-dimensional model -
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ing with the application of modern computer technol-
ogy enablesto carry out deep analysisof al chamber’s
parameters and save time and finances. At the same
time, without additional inputs, it is possible to ob-
tain thefull set of characteristics of aconvective heat
and mass transfer process in reactive media, inter-
veneflexibly inthe processat any stage and reproduce
separate technical solutions (the configuration of the
fire chamber and assembly and construction burners),
to model the formation of harmful dust and gaseous
emissionsand toinvestigatetheinfluence of previous
preparation of coal on itsignition and combustion sta-
bilization.

M athematical model

Combustion of coal-dust flameisavery complex
physico-chemical processfor mathematical analysis.
Intheboilers, where coal-dust fuel burnsdown inthe
air stream, many interrelated processes occur. They
are: complex aerodynamics, combustion under
conditions of constantly changing temperature and
component concentrations, heat exchange between the
flame and the chamber surface. Simultaneousforma-
tion of carbon, nitrogen and sulphur oxide, corrosion
hazardous and carcinogenic substances occurs.

A numerical experiment was carried out on the
basis of three-dimensional equations of convective
heat and mass transfer, taking into account the heat
propagation, heat radiation, chemical reactions and
the multiphase structure of the medium. To describe
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3-D motion of reacting flows in chambers, the fol-
lowing set of differential equationsare used [3]:
Continuity equation:
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Conservati onlaw for substance components:
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and R; - source of matter

A standard k-e model of turbulency has been used
to close off the system and model turbulent viscosity:
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Alsothemodel correlation for turbulent viscosity
was used:

U=G,pK/e (8)
Point concentration of solid matter was determined

by means of balance equations for monodispersion
solid matter with the avarage particle diameter. To

determine the mixture concentration the homogeneous
model was used. Velocities of solid particles were
equaled local gasvelocity. For turbulent viscosity tak-
ing into acount solid particle the next relation was
used:
1
Hper = Hoer(1F Lo ) 2
Pc
Each of the equations was written for average
values of parameters.
Equation (2)-(6) may presented in the following
generalized form:
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a(p@) =
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Here @ is the generalized transfer variable. By
means of @ we may denote velocities components u,
v, w, temperature T (or enthalpy /= c,T), components
concentration c, k, & I',— generalized exchange
coefficient, S, - sourceterm in transfer equations.

Calculation of turbulent flows with chemical
reactions is based on the knowledge of chemical
kinetics and methods of modeling of turbulent trans-
fer processes. To determine the source term in equa-
tion (4) which is connected with chemical reaction
rate, it is necessary to model correctly kinetics of
chemical reactions. Thesereactionstake place between
fuel and oxidant in combustion space of the bailer.
Local distribution of reacting components and tem-
perature significantly influence on the reaction rates.
Theamount of energy, emittedin chemical reactions,
the flame temperature and the nature of combustion
productsare very important characteristicsin estima-
tion of solid substancesinfluence. Using the solid par-
ticlesasfuel ismost probable.

Themodel of coal dust combustionwhichisbeing
used in this paper takesinto account an integral oxi-
dizing reaction of fuel components down to a stable
final products of reaction. Intermediate reactions and
the formation of intermediate products haven’t been
taken into consideration. Themodd of integral reaction
was used based on according to the fact that many
chemical reactions proceed several stages. The slow-
est reaction determinestherate of thewholereaction.

Resaction rate may be represented in theform:

@ = AB—k(l')cc (20)
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Thereaction rate depends on the temperature and
concentration of reacting components Aand B (initial,
intermediate and final products). The constant of
reaction rate k(T) may be written in the form of
Arreniuslaw [4], asthe exponential temperature de-
pendence:

k(T) = ko™ (11)

Here k,is the constant, which doesn’'t depend on
thetemperature in thefirst approach, E [kkal/mol] is
the activation energy, R=1.986 [kkal/mol grad] isthe
gas constant. The values of kinetic constants are de-
termined inthe experiment.

Simplified models are being used in this paper.
These models take into account only chemical
reactions of key components since the detail model-
ing of all passing reactions is possible only in the
simple cases, because of large computational costs.
For example, in the case of carbon oxide burning.
I nformation about reactionsand their kinetic datahave
been taken from [5].

Equation (9) is complex and it doesn’t have ana-
Iytical solution. This system can be solved only
numerically. At the present timethe problem-oriented
software for the many tasks of continuum mechanics
isavailable.

In this paper software package FLOREAN for 3-
D modeling of coal-dust combustion in furnaces of
boilers was used. This program enables to calculate
velocity componentsu, v, w, temperature T, pressure
P, concentration of combustion products and other
characteristics of combustion process all over the
combustion space and at its exit. Pressure is deter-
mined through the connection between the continuity
equation and the equation of motion by means of
Patankar’s Simple-method [6].

For numerical solution of (9) thecalculation region
isdivided by the differences net into discrete points
or volumes. Derivatives are expressed by approxi-
mate expressionsthrough the differencesin function
valuesin net vertices.

The optimum method to solve this task is the
method of control volume. To present differential
equations (9) infinite-difference form, equations (9)
areintegrated over the control volume:
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Using the mean value theorem we can write ap-
proximate value each of integrals in (12). We will
obtain algebraic equation for every control volume
and every unknown variable @,. Coefficients of equa-
tionarefunctionsof @, variableand they are connected
with valuesin other equations. The obtained system
issolved by sweep method.

Since system (9) doesn’t have any analytical solu-
tion, then in order to determine calculation error, ex-
perimental data may be used. Experimental data are
obtained at the acting power stations.

Resultsof the numerical experiment

Fig. 1 shows distribution of maximum, minimum
and average temperature along the chamber height in
crossections (X,Y). The experimental data are re-
presented here too. Curve minimums are connected
with low temperature of fuel mixture (150°C) sup-
plied in the chamber space through the burners.

2000

500

Fig. 1. Temperature distribution to chamber height; 1 —
minimum value, 2 — average value, 3 — maximum value;
line — calculation, [J- experiment.

Significant differences of calculated and experi-
mental values of temperature are seen in the region of
ignition and extinction. It apparently may beexplained
by assuming that the coal was burned completely.
Endothermal restoration of carbonic acid gas in the
coke is neglected, though this fact leads to tempera-
ture increase. Simultaneously, thereisanincreasein
the outlet of flying components with an increase in
temperature.

Figures 2-6 show the picture of fuel burning down
with the curves of oxygen, carbonic acid gas CO, and
carbon oxide CO, ash and cokes concentration change.
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Fig. 2. O, concentration distribution along the chamber:
1 — minimum value, 2 — average value, 3 — maximum
value; line — calculation, [J- experiment.
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Fig. 3. CO, concentration distribution along the chamber:
1 — minimum value, 2 — average value, 3 — maximum
value; line — calculation, [J- experiment.
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Fig. 4. CO concentration distribution along the chamber:
1—minimum value, 2 —average value, 3—maximum value.
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Fig. 5. Ash concentration distribution along the chamber:
1 — minimum value, 2 — average value, 3 — maximum
value.
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Fig. 6. Coke concentration distribution along the chamber:
1 — minimum value, 2 — average value, 3 — maximum
value.

Observed aso is the base formation of gases in the
torch which takes at the level of burners.

The maximum difference of calculation and ex-
periment are seen in theregion of ignition and extinc-
tion of flying matters. Themain reason for thisisthat
thereisadetermination of the gas burning rate by one
stage model of piroliz wheretheset of kinetic constants
for all theentiretemperaturerange are used in contrast
to atwo stage model of piroliz when these constants
have various values for every temperature. The fig-
ures show that the regions with maximum difference
coincide with regions having high concentrations of
carbon oxide (Fig.4).
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An analysisof figures 2 — 6 showsthat the rate of
burning down decreased up to the point of chamber.
Taking into account the model of this work experi-
mental profilescorrespond to boundary conditions at
the chamber outlet.

At the exit of the chamber CO,, CO and ash
concentration is 16%, 0,5% and 10% respectively,
which is agreeable to standard values. The distribu-
tion character of all concentrations, listed in this pa-
per ismodel ed sufficiently and it agreeswith the pub-
lished experimental data.

Conclusions

According to theresults of modeling aconclusion
may be madethat favorable conditionsare created in
the chamber with the opposite position of vertical
burners when the torch is strongly twisted, provided
a stable torch ignition and intensive combustion of
coa dust,. Agreement with the experimental data
shows the reliability of the chosen model. Obtained
results enabl e to create new technologies of burning
using high-ash and damp solid fuel. Application of
the results may help to increase efficiency of a
combustion process and to optimize the process of
high-ash coal dust fuel burning with the goal of de-
creasing pollutant emissions.
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