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Numerical investigation of the
combustion processes of high ash coals in
furnaces of steam boilers was conducted by
the methods of mathematical simulation.
The three-dimensional equations of
thermal and mass transfer, simulating
turbulent flows with chemical reactions
were solved They describe the combustion

INTRODUCTION
At present time many countries as

well as the whole planet face the problem
of the en-vironment protection because of
the different types of activities of the
Human being. In many cities of Kazakhstan
atmosphere is polluted by a lot of harmful
ingredients.

In our country about 30% of the
extracted fuel is spent on the energy
production and more than 40% - on the
thermal one; as a whole, almost s of the
country thermal resources is spent on these

process of dusty-coal fuel in boiler
installation. The distributions of full speed,
temperature and pressure and also
concentration of the combustion products
as well as the other process characteristics
of the whole furnace volume were obtained
/I/

needs. The damage to the environment due
to the activities of energy enterprises
(thermal power stations and boiler-houses)-
pollution by the products of fuel
combustion is rather significant.

Power stations are the major
sources of environment pollution. These
are, first of all, power stations fired with
solid fuel, they are the main sources of the
pollution of air, water and ground.

Since the liquid and gas fuel prices
increase, the problem of clean and efficient
utilization of solid fuel is becoming more
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and more important for the economy of
Kazakh-stan, because Kazakhstan has rich
coal depo-sits. The major part of this coal
can be exploi-ted by open-cast mining, to
provide the indus-try with cheap coal and
electrical energy. This is the reason why the
electrical power gene-ration will be based
in the near future on com-bined heat and
power plants fired with coal.

However, it is necessary to note
that the major part of the coal, e.g. from
Ekibastus, is of low quality. The utilization
of such coal entails a number of difficulties
such as unstable burning, slag creation as
well as the problem of air protection from
ashes, carbon and sul-phur oxide, nitrogen
oxides and hydrocarbons.

The concentration of ashes in our
country coal may achieve 10-55%. Conse-
quently the dustiness of smoke gases
changes and achieves (60-70)g/m3 for high
ash coals.

The main harmful substances
containing in chimneys of boilers are as
follows: sulphur oxides (SO2 H SO3),
nitrogen oxides (NO H NO2), carbon oxide
(CO), combinations of vanadium (especially
V2O5), ash and others.

The protection of atmosphere from
the outlet of solid particles is in a success
nowadays but it is much more difficult to
organize the protection from gaseous
pollution especially from NOX and SO2.

It may be explained by the reason
that up to the years of 1950-1960 the
investigations concerning the protection of
atmosphere from the discharges of thermal
power stations have been carried out only
for solid particles and sulphur anhydride,
and a number of constructed stations do
take into account only the limiting
concentration of these particular pollutes.

Today nitrogen oxides are
considered to be the main pollutes. In our
country the demand is accepted that the
total concentration of nitrogen oxides must
follow the condition:

'SO 'NO 'CO
+ -.

SO, A 1 M ^ NO.

Thus the development of "clean"
combustion process when the discharge of
harmful substances is minimal is extremely
important. That is why all constructive and
regime parameters of such process are to
be optimized.

This problem can be solved only on
the basis of systematic analysis, physical
and chemical modeling. Thus the computer
simulation becomes one of the most
economic and comfortable tools for
detailed analysis and deeper comprehension
of complicated physical and chemical
phenomena taking place in furnaces [1-2].

In West European countries there is
a high level of experience in this field. The
works of the germane colleagues from
IWBT (Institut fur Warme- und
Brennstofftechnik, Braunschweig) both
experimental and theoretical (numerical
simulation) [3-6] on optimization of solid
fuel combustion processes to decrease
NOX. outlet are known.

MATHEMATICAL
MODELLING OF
TRANSFERPROCESSES IN
TURBULENT CURRENTS WITH
CHEMICAL REACTIONS

Computer simulation of solid fuel
(coal-dust condition) combustion process
were conducted on the base of three-
dimension transfer equations with chemical
reactions. In the case of three-dimension
propagation of fluid with changing physical
qualities the velocity, temperature and
concentration fields are described by
differential equations system [7].

K-s-turbulence model is used to
close this system and to model turbulent
viscosity. Standard K-8-turbulence model
includes two differential equations: the
equation of turbulence kinetic energy
density transfer and the one for dissipation
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velocity of turbulent kinetic energy as well
as the correlation for turbulent viscosity:

MATHEMATICAL MODELLING OF
TRANSFERPROCESSES IN

TURBULENT CURRENTS WITH
CHEMICAL REACTIONS

Computer simulation of solid fuel
(coal-dust condition) combustion process
were conducted on the base of three-
dimension transfer equations with chemical
reactions. In the case of three-dimension
propagation of fluid with changing physical
qualities the velocity, temperature and
concentration fields are described by
differential equations system [7].

K-s-turbulence model is used to
close this system and to model turbulent
viscosity. Standard K-s-turbulence model
includes two differential equations: the
equation of turbulence kinetic energy
density transfer and the one for dissipation
velocity of turbulent kinetic energy as well
as the correlation for turbulent viscosity:

_ li
Mturb ~ CpP e

All these equations with appropriate
boundary conditions form the closed
system which may be generalized as
follows:

£ ( ) t M r * £•)+s*
where <T>-unified transfer value {u,v,w,
T(orh=cpT), c,k,e}>

T$ - unified exchange coefficient {|WPr,

^¥ source term of transfer equations.
This system could not be sold

analytically, only computer simulation is

possible. The solving method and its main
aspects are described in details in [7].

The computer simulation
experiment was based on the computer
code FLOREAN valid for three-
dimensional simulation of coal fired
furnaces. It has been developed at the
IWBT of the Technical University of
Braunschweig.

This code is based on the solution
of the conservative equations of the flue
gas mixture by finite volume method [8]. It
includes a submodel of momentum and
energy balances, SIMPLE-method for
pressure corrections, k-E turbulence
model, 6-flow model for irradiation heat
transfer calculations and balance equation
for the components of substance.

This computer code allows to
extract the velocity components {u,v,w},
the temperature T, the pressure P, the
concentration of combustion fruits and
other characteristics of the process[9-13].

PHYSICAL FORMULATION
OF THE DUSTFORM SOLD) FUEL
COMBUS-TION PROBLEM AND
RESULTS OF THE NUMERICAL
EXPERIMENT

The computer simulation
experiment was conducted for two-body
boiler having T-like shape (TIK-39) which
is attached to 300 MW block with steam
productivity equal to 475t/h. The boilers
are installed on Aksuiskaya power
station(f6imerErmakovskaya HPS).

The general view of the combustion
chamber is represented at figure 1.
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Figure 1: General view of combustion chamber

The burner of the boiler is installed
by 12-whirl nozzles. The nozzles are
located opposite to each other in two
layers, 6 nozzles in each. The fuel in layers
is distributed equally. In order to intensify
the ignition process the air is fed to the
chamber in such a way that oxygen, it
contains, comes into reaction gradually.
Usually the whole amount of air is divided
on primary one - supplied together with
coal dust and on secondary one - supplied
separately from primary one either
through the same nozzles or rarely passed
by.

A part of the primary air is used for
fuel heating in dust preparing system.
Consequently the primary air has three
points of utilization: as heating substance in
preparing system, is used for delivering
dust to the furnace and also as one of the
fuel mixture reagent. Recommended
primary air part data are obtained out of the
long term boiler's exploitation experience
and are presented in [13-14]. The higher
fuel reaction capability and concentration of
fuel volatile substances are, the more

perfect furnace and combustion
installations are and more effective
combustion process is and consequently the
greater part of primary air it is necessary to
use.

The results of computer simulation
of the combustion process of high ash
Kazakh coal from Ekibustuz basin in the
furnace of the steam boiler I1K-39-II of
Aksuyskaya power station are represented
below.

On figure 2 vectors of full (total)
velocity in transversal and longitudinal
cross sections of the boiler are represented.
Here it is also possible to see a method of
air twirling, the air is coming from nozzles
to layers.

On figure 3 the distribution of
maximum, minimum and average
temperature T via height of the boiler is
represented. The existing of minima on all
curves may be interpreted by low*
temperature of fuel aeromixture coming to
this area of furnace space through the
nozzles.
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On figure 4-6 the distribution
curves of maximum, minimum and average
values of N0x , O2 and CO concentrations
versus the furnace height of the boiler are
given. These curves reach maximum in the
region where nozzles are located, that is the
region where the formation of NOX, CO-
the result of chemical reaction between fuel
and oxidizer - actually takes place.

The comparative analysis of
computer simulation results and
experimental data for NOX concentration at
the boilers outlet for various values of
factor of air excess in the nozzles outlet a s
is represented at figure [7-9].

1 to- -

H 1-
O 1 10

X [nri]
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Schnrttabane K—1O (Z—6.84m)
Schnittebene J=4 (Y=1.83m)

Figure 2: Vectors of full (total) velocity
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Figure 3: Temperature distribution along combustion's chamber height
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Figure 4: Distribution of nitrogen oxide NO concentration along chamber's height
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Figure 5: Distribution of O 2 concentration along chamber's height
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Figure 6: Distribution of CO concentration

Comparison of Simulation Results with Experimental Data

NOX, mg/ 3

0

Simulation

Figure 7: NOx-Concentration (aB = 0,97)

Experiment
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NOX, mg/ mN
3

Simulation Experiment
Figure 8: NOx-Concentration (aB = 1,06)

On figure 9 concentration dependence of
NOX at the outlet of boiler installation
versus the factor of air excess in the
nozzles outlet a s are represented. These
curves are the result of computer

simulation (line 1) and measurements made
directly on power station (line 2) analysis of
the represented figures shows that these
results of simulation and experiment are in
quite good correspondence.
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Figure 9: The dependence of NOx-concentration at the boilers outlet via factor of air excess in
the nozzles outlet as

(l(A)-Simulation, 2(*)-Experiment)
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CONCLUSION

Numerical investigation of the
combustion processes of high ash coals in
furnaces of steam boilers was conducted
by the me-thods of mathematical
simulation. The numerical experiment was
considered on the example of Ekibustuz
coal combustion process in the boiler's
IIK-39 -II combustion chamber of
Aksuiskaya power station (Ermakovskaya
HPS).

The three-dimensional equations of
thermal and mass transfer, simulating
turbulent flows with chemical reactions
were solved. They describe the combustion
process of dusty coal fuel in boiler
installation. The distributions of full speed,
temperature, pressure and concentration of
the combustion products as well as the
other process characteristics of the whole
furnace volume were obtained.

The obtained results will allow to
optimize process of fuel combustion
concerning efficiency and minimization of
harmful discharges and to develop power
stations on "clean" and effective utilization
of Kazakhstan high-ash coal.

Our recommendations will allow
power engineers of Kazakhstan to solve
important ecological problems and to
achieve efficiency in production of energy.

Scientific results of the project
were represented at Republic and
International conferences and symposiums
and are also published (see the list of
literature).
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