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3D Modeling Of Heat and Mass Transfer in
Industrial Boilers of Kazakhstan Power Plant
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Abstract— At the present work by means of 3D-Finite
Volume simulation tool FLOREAN developed at the Institute
for Heat and Fuel technology TU Braunschweig heat and
mass transfer processes in furnaces with swirl burners in box-
firing system are considered. The obtained results describe
combustion processes in the way of 3D fields of temperatures,
velocities and concentrations of the combustion products CO,
CO, etc.
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I. INTRODUCTION

T the present time the main subject of engineers devoted
mainly towards the utilization of the energy sources in
more efficient and economical way.

The efficient combustion of solid fuel in combustion
chambers and the efficient heat transfer to water and steam in
steam generators are essential for the economical operation of
power plants. Heat transfer problems pertaining to the
combustion in industrial furnaces are of great importance to
the engineering designer of boilers and steam generators. In
most industrial flame applications, the achievement of high
heat transfer rates is a main target and is desirable.

At the present work by means of 3D-Finite Volume
simulation tool FLOREAN developed at the Institute for
Heat and Fuel technology TU Braunschweig heat and mass
transfer processes in furnaces with swirl burners in box-firing
system are considered.
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1. MATHEMATICAL MODEL

Program FLOREAN is based on the numerical solution
of the Reynolds averaged balance equations for mass, species,
energy and momentum [1,2, 3, 4]. It predicts gas flows,
species concentrations, temperature fields due to combustion,
radiation and convective heat transfer and the pollutant
formation and destruction in furnace chambers. The mean
flow equations are closed by the k-g turbulence model.

The changes of the concentrations of the flue gas
components and the fuel due to the combustion are taken into
account in the source/sink terms by appropriate  submodels.

In addition, inthe source/sink term the heat balance
takes into account the energy release due to the combustion
reactions and the significant heat transfer due to radiation
using a six flux radiation model. Equation for conservation of
thermal energy is written in terms of the enthalpy h. Radiation
heat transfer is determined by 6 flux radiation model by
Lockwood etc [5].

Pulverised coal flames are turbulent reacting two-phase
flows. Particle presence is approximated as continuum and the
mean particle velocity is assumed to be approximately equal
to the gas phase velocity.

Coal combustion model is evaluated in several steps:
devolatilization, ignition and combustion of volatiles and char
burn out. The combustion of volatiles in the gas phase is
supposed to be controlled by turbulent mixing, using the eddy
dissipation concept. The char reaction rate is governed by the
rate of oxygen diffusion to the surface and the kinetic rate of
chemical reaction at the surface. The effect of char
combustion on the mean particle diameter and particle density
is taken into account after suggestion of Field [6].

1. RESULTS OF CFD STUDIES

Kazakhstan has huge stocks of power resources, sufficient
for covering own needs and export to other regions, both
in a natural, and in the form of electric power. About 3,3 %
of world industrial stocks of coals are concentrated in
Kazakhstan.

More than 70 % of the electric power in Kazakhstan are
generated in Thermal Power Plants. Thermal power plants
predominantly use bituminous and sub-bituminous coals
from Ekibastuz, Karaganda, Kuuchekinsk.

Coals from these basins have

almost the same



2nd International Conference on Mechanical, Production and Automobile Engineering (ICMPAE'2012) Singapore April 28-29, 2012

characteristics. All Kazakhstan coals are considered to be
low-rank. The moisture content varies from 5 to 40% and
the high ash content is up to 55 %. The volatile matter content
reaches up to 28 %. High ash content results in high fly
ash contents in flue gases, which reach up to 60-70 g/m3 for
high ash coals.

Calculations presented for furnace chamber of a 390 MW
power station fired with low grade coal of Ekibastuz
(Kazakhstan). The general view of the combustion chamber is
represented at Fig. 1. 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. Scheme of flows in cross section of
the furnace in the level of the burners and vertical section
are shown at Fig. 2.

Fig. 1 Scheme of the furnace PK39
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Fig. 2 Scheme of flows

Temperature distribution in furnace volume for full load
boiler operation are presented in the shape of temperature
isosurfaces (Fig. 3). It’s seen that zone of maximum
temperatures are concentrated in the center of the fire-
chamber on the level of the burners.

The existing of minima in presented temperature field
caused by low temperature of fuel and transporting gas
supplied to furnace through the burners nozzles.

T=1200grad C

T =1400grad C
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Fig. 3 Temperature isosurfaces
Fig. 5 Temperature distribution in cross section of the

Fig. 4 and 5 show the temperature distribution in cross furnace in the lower level of the burners
section of the furnace in the lower level of the burners and
in vertical section due to symmetry plane of combustion Fig. 6-8 shows results of combustion products calculations

chamber. It’s seen that maximum temperatures is in the center ~ for low grade Kazakhstan hard coal power station.
of the fire- chamber on the level of the burners. Here the  Concentration isosurfaces show concentration of O, , CO and
intensive combustion took place. CO, distribution inside of the furnace space.
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Fig. 4 Temperature distribution cross section on of the furnace in the
lower level of the burners

co2 = 0.05 kg/kg co2=0.10 kg/kg

Fig. 6 Oxygen isosurfaces
The picture of fuel burning out is shown in Fig.6-8 by fields
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of concentration of oxygen O,  (fig.6), carbon monoxide
CO (fig.7) and carbon dioxide CO, (fig.8).

Inthe model for combustion products formation three
different reactions between char and flue gas are considered.
The oxidation of the char to carbon monoxide or carbon
dioxide and the reduction of carbon dioxide at the surface of
the char particle to carbon monoxide.

The model incorporates the different effects of oxygen and
carbon dioxide diffusion to the particle surface and in the
pores and the kinetics of the chemical reaction at the surface
as a function of temperature and particle diameter.

The Eddy Dissipation Model according to Magnusson et
al. is used to predict the combustion of the volatiles and the
carbon monoxide formed during char combustion. Gaseous
fuels are treated like volatiles.

Due to the CO reactions also at lower temperatures CO
concentration is further reduced in the gas path after the
furnace outlet.

cco=5"10° mg/Nm?

cco= 2°10° mg/Nm?

Fig. 7 Carbon monoxide isosurfaces
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cC0?2 =0.16 kg/kg

cCc02 =0.12 kg/kg

Fig. 8 - Carbon dioxide isosurfaces

IV. CONCLUSION

Results obtained by means of computer modeling of gas
flows behavior, species concentrations, temperature fields
due to combustion, radiation and convective heat transfer and
the pollutant formation and destruction in furnace of real
boiler PK39 can be used to predict main characteristic of
combustion process and to provide recommendations for
effective boiler performance. Results from CFD simulation
can be useful for engineers to choose an appropriate boiler
performance for successful furnace and overall combustion
process optimization.
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