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Application of Overfire Air Technology on an
Example of a Steam Boiler PK-39 of the Aksu
TPP (Kazakhstan)

A. Askarova, S. Bolegenova, V. Maximov, S.Bolegenova, Z. Gabitova, A. Yergaliyeva, A.
Nugymanova, M. Beketayeva, Sh. Ospanova

Abstract— When burning any fossil fuels, one of the most
harmful combustion products are nitrogen oxides NOx, which
damage both the environment and human health in particular.
Reduction of NOx emissions from fuel combustion at TPPs plays
an important role in reducing the total level of nitrogen oxides
NOx emitted into the atmosphere. One way to reduce the
concentration of nitrogen oxides NOx is the stepwise combustion
of the pulverized coal mixture, in particular the «Overfire Air»
technology. The essence of this method is that the main volume of
air is fed into the pulverized burners, and the rest of the air is
further along the height of the torch through special nozzles.
Structurally, the method of stepwise combustion of fuel can be
carried out in boilers with a two-tier arrangement of burners
along the height of the combustion chamber. In this case,
practically no significant reconstruction of the boiler is required,
which is associated with additional costs. In the present work,
computational experiments on the use of modern overfire air
technology (OFA) in the combustion chamber of the PK-39 boiler
of the Aksu TPP were carried out and the fields of the main
characteristics of heat and mass transfer, as well as the influence
of the mass flow of the oxidant through the OFA injectors on the
combustion process were obtained.

Index Terms— coal combustion, numerical simulation, overfire
air technology.

I. INTRODUCTION

S OF TODAY Kazakhstan is one of the states possessing
a huge stock of hydrocarbons, which render essential
influence on formation and a condition of the world energy
market [1-3].
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In the Republic of Kazakhstan, about 80% of the country's
energy supply comes from the production of electricity by 69
power plants, the main source of which is Kazakh coal [4-6].

The coal mining in Republic is carried out basically by the
open way , which makes this type of solid fuel the cheapest,
but low-grade (high ash content in its composition) in our
country a source of energy [3,7-8]. At the same time, the coal
of Kazakhstan possesses a number of advantages — small
sulphur content of coals and a high volatiles content on a dry
ash-free basis.

For the sustainable development of heat and power industry
of the country in the near future, it is necessary to optimize the
combustion of traditional energy fuel (Kazakh coal), to
develop and implement clean energy technologies; to protect
the environment from harmful dust and gas emissions and
ensure the efficiency of power plants. One of the methods for
reduction of NOx concentration is the overfire air
technology — OFA.

Technological methods for suppressing the formation of
nitrogen oxides are based on a reduction in the peak
temperature and oxygen content in the active combustion
zone, as well as in the formation in the combustion chamber of
zones with a reducing medium, where the products of
incomplete combustion, reacting with the formed nitric oxide,
lead to the reduction of NOx to molecular nitrogen N2.

Thus, in the zone of active combustion, an oxygen-depleted
and fuel-enriched combustion zone is formed. Due to the lack
of air in this area, the average temperature is lower than in
traditional combustion, which allows to reduce the amount of
fuel and thermal nitrogen oxides. Further, above the level of
the main burners, additional air is supplied through the tertiary
air nozzles necessary for afterburning the products of
incomplete combustion and an oxidizing medium is formed
[9-10].

The most difficult step in realization of the OFA technology
is to define the optimal location height and diameter of
nozzles through which air will be supplied, and to find the best
ratio of air supplying through the main burner and OFA-
injectors. These characteristics depend on design of the boilers
and the method of supplying fuel-air mixture [10-11].

To effectively implement this technology on an industrial
boiler, the height of the OFA injectors should be chosen so
that in the active combustion zone a complete burn-out of the
fuel and its afterburning to the final combustion products are
ensured, since incomplete mixing of fuel and oxidant can
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increase underburning [12].

II. BASIC EQUATIONS OF HEAT AND MASS TRANSFER IN
REACTIVE MEDIA

The computational experiment was carried out on the basis
of the solution of the three-dimensional equations of
convective heat and mass transfer taking into account the
propagation of heat, thermal radiation, chemical reactions, and
the multiphase nature of the medium. To describe the three-
dimensional motion of reacting currents in the furnace
chamber of the boiler PK-39, a system of differential
equations [3,13-19] based on the control volume method [6,
18-20] is used:
—  The conservation law of mass or the continuity equation

The ratio of the mass balance for control volume represents
the continuity equation.

ap __0(pu;)
A T @
X

—  The conservation law of momentum or equation of
motion

Momentum balance is based on the second law of Newton-
momentum change of the liquid in the control volume is equal
to the sum of all external (surface and efficient volume) forces
attached to the control volume.
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—  The conservation law of energy
The energy equation is based on the first law of
thermodynamics.
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—  The conservation law of for the components of the
substance

In an isotropic medium consisting of B components, the
components can move with different velocities uj s For the
mass balance of the p-component of the medium it can be
written:
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The combustion of coal dust in combustion chambers is
turbulent, and in this connection, a standard k-¢ model of
turbulence was used to simulate turbulent viscosity and
closure of the system [1,2,6,15]. The model includes
— The equation of transport of turbulent kinetic energy k:

6[pu . kj y7;
o(pk) __ i 0 | Teff ok iPopeg (5)
where P — turbulent kinetic energy production:
ou. ou, ou
_ b2 s |
The equation of dissipation of turbulent kinetic energy e:
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where pe — transformation of the kinetic energy of the
pulsating motion into internal energy (dissipation);

o 0. — the corresponding turbulent Prandtl numbers.

Considering the processes of heat exchange in technical
reacting flows in combustion chambers, heat exchange by
means of radiation makes the greatest contribution to total heat
transfer. In the flame zone, the contribution of radiant heat
exchange is up to 90% of the total heat transfer and even more
[21]. In this regard, the simulation of heat transfer through
radiation in reacting flows in combustion chambers is one of
the most important stages in the calculation of heat transfer
processes in real combustion chambers.

At the calculations connected with radiant heat exchange,
the characteristic values are the radiation energy E and the
spectral intensity Iv. To describe the change in the magnitude
of the spectral intensity in time, an infinitesimal volume is
allocated in the investigated space, with an area dA and a
length ds, in which emission, absorption and scattering of
electromagnetic radiation quanta occur.

Thus, the change in the radiation intensity Iv along the
infinitesimal volume can be written in the form of the energy
balance equation (8):

10, al
E'ELEZ_(K%S,V"—Ksca,v)'|v+Kabs,v'Iv+ (8)
K (P05 1 ()00

In connection with the fact that the change in the radiation
intensity in time is much less than the speed of light, the first
term in the equation of the balance of radiant energy can be
neglected. Due to the fact that the system is in thermodynamic
equilibrium and the temperature of the radiant energy of the
bodies radiated and absorbed is the same, then we can assume
that the absorption and radiation coefficients are equal. In
addition, in the paper all the bodies participating in heat
transfer by radiation are represented as gray radiators.

Thus, the expression (8) can be written as [15,22]:
%'{—(KBDSJFK 1+, IT
+Ex£[(P(Qi —>Q)-1,(Q))d,

For calculation of heat exchange by radiation in furnace
chamber the model of a stream was used, according to which
Eq. (9) is integrated over solid angles, for which flows are
assumed to be independent of direction.

sca

)

I11. PHYSICAL AND GEOMETRICAL MODEL OF THE PK-39 BOILER

To solve the systems of differential equations describing the
processes of heat and mass transfer in the combustion chamber
of the boiler PK-39 of Aksu TPP, the control volume method
[6, 18-20] was used.

The essence of the method is that the space of the
combustion chamber is divided into control volumes and for
each point of space surrounded by a certain volume, the
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equations of conservation of physical
momentum, energy, etc.) are solved.
Before the numerical experiments using the PREPROZ
program [22], files and startup programs were created for two
investigated cases, including initial and boundary conditions,
the characteristics of the fuel (elemental composition, heat of
combustion, fractional composition of Ekibastuz coal), the
geometry of the boiler and burner devices [6,13,23]. The main
characteristics of the combustion chamber of the boiler PK-39
of Aksu TPP and burnt Ekibastuz coal are presented in table 1.

quantity (mass,

TABLE|
CHARACTERISTICS OF THE COMBUSTION CHAMBER OF THE
BOILER PK-39 OF AKSU TPP AND THE PULVERIZED COAL BURNED
ON IT (EKIBASTUZ COAL) [3]

CONSTRUCTIONAL CHARACTERISTICS OF A BOILER PK-39 OF
AKSU TPP AT THE ORGANIZATION OF STAGED COMBUSTION OF

FUEL
The characteristic Value
Number of OFA-nozzles, pcs 6
The height of the tier of the lower burners, m 7,315
The height of the tier of the upper burners, m 10,115
The height of the tier of the OFA-nozzles, m 15,735
Diameter of OFA-nozzles, m 0,7

The name of the characteristics, . .
. . - Designation Value
dimensionality
Fuel consumption per boiler, kg/h B 87 500
Fuel consumption per burner, kg/h BB=B/Z 7291.1
WP 7.0
AP 40.9
Fuel — Ekibastuz coal P 08
Composition of coal,% cP 41l
' HP 2.8
or 6.6
NP 0.8
Calorific value, MJ/kg o 15.87
Volatile, % 4 30.0
Coefficient of excess air at the exit
from the furnace or 1.25
Coefficient of excess air in the burners or 1.15
Temperature of the air mixture, °C (K) Ta 150(423)
Temperature of secondary air, °C (K) T2 327(600)
Type of burners Vortex
Number of burners, pcs Ng 12
Height of the furnace, m z(H) 29.985
Width of the furnace, m Y 10.76
Depth of the furnace, m X 7.762

jl OFA-injectors

a) b)
Fig.1. General view and a gridding of the PK-39boiler

TABLE Il

Copyright © BAJECE

ISSN: 2147-284X

Fig. 1 provides a general view and a gridding of the boiler:
for traditional pulverized coal combustion (Fig. la), at
implement of secondary air nozzles — OFA (Fig. 1b). The
major structural characteristics are presented in table 2. In the
work, cases with a percentage of the supply air through the
nozzles OFA equal to 0 (base case), 10 and 20% of the total
amount of secondary and tertiary air supplied to the
combustion chamber.

IVV. RESULTS AND DISCUSSION

Results of researches obtained with the FLOREAN
software package [25-30] are presented below in the paper.
Fig. 2 shows the distribution of the full-velocity vector in
different sections of the combustion chamber for the base case
(OFA 0%) and with the use of the overfire air technology
(OFA 20%). Analysis of the figures shows that with the use of
OFA technology, the combustion process in the central part of
the combustion chamber is more intense compared to the base
case.

i + 1 Velocity m/s

40.2 4017
l 36.227

32.288

28.35

24.412
20.473
16.535
12.597

i 8.6582

0 l 4.7198
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=
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Fig.2. The distribution of the velocity vector in different sections of the
combustion chamber a) the central longitudinal section (Y=5.38 m); b) the
cross-sectional area of the OFA-nozzles (Z=15.735 m); c) cross-section at the
outlet from the combustion chamber of the boiler PK-39 (Z=29,595 m)
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Fig.3. Temperature distribution over the height of the combustion chamber
of the boiler PK-39 for different values of air supplied through the nozzles
OFA and comparison with experiment [24]

Fig. 3 shows the distribution of average temperatures on
height of furnace chamber for the investigated cases. The
results of full-scale experiment conducted at Aksu TPP [24]
are also plotted on the graph. Moving towards the exit of the
furnace temperature field is equalized and differences in
temperature values for different occasions decrease.

Also, it can be seen that the greatest differences between the
results of computational and full-scale experiments are
observed in the area of ignition of the pulverized coal mixture.
Moving towards the exit from the furnace space, these
differences are insignificant, which indicates good consistency
and, as a consequence, the adequacy of the used models.

Fig. 4-5 show graphs of the distribution of combustion
products — carbon CO, and nitrogen NO oxides along the
height of furnace chamber of PK-39 boiler of Aksu TPP.
Analyzing the distribution of carbon monoxide (Fig. 4), it can
be seen that the greatest differences in the values are
noticeable in the area of the burner belt and OF A-injectors. To
the exit from the combustion chamber with increasing mass
flow of air through the OFA-nozzles, the concentration of
carbon dioxide CO; is reduced.

Fig. 5 represents the distribution of the concentration of
nitrogen oxide NO along the height of furnace chamber of PK-
39 boiler of Aksu TPP.
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Fig.4. Distribution of CO, concentration along the furnace chamber height
for different values of air supplied through the nozzles OFA and comparison
with experiment [24].

Analysis of Fig. 5 allows us to conclude that an increase in
the mass flow of air supplied through OFA injectors leads to a
decrease in NO concentration at the outlet from the furnace
chamber of PK-39 boiler of Aksu TPP. This is confirmed by
the known dependence of NO oxides formed on temperature
[31] and analysis of the temperature distribution in the
combustion chamber of the boiler PK-39, presented in Fig. 3.

1100 .

T
1000 3 :Tr:g ?ﬁizm% E
900 ——NO, OFA=20%
800
700 3
600 7
500

4004

NO, mg/’Nm3

300 4

200 4
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Fig.5. Distribution of NOx concentration along the furnace chamber height
for different values of air supplied through the nozzles OFA

200 —

100 —

] 10 20
%, OFA

Fig.6. The effect of the percentage of mass air flow through the OFA
injectors on the NO concentration at the outlet from the combustion chamber
of the PK-39 boiler of the Aksu TPP

The increase in air supplied through the OFA injectors
allows to reduce the concentration of nitric oxide at the outlet
from the combustion chamber approximately on 20 %. The
results of the studies are presented in the form of a diagram in
Fig. 6.
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V. CONCLUSION

This paper presents the experiments on the implementation
of the overfire air technology on the example of combustion
chamber of PK-39 boiler of Aksu TPP. This technology is
based on the separation of the oxidant supplied to the
combustion chamber in such a way as to reduce the amount of
fuel NOx in the burner location by reducing excess air, and
reduce the amount of thermal NOx by reducing the
temperature of the flame in the region of the location of the
OFA-injectors.

Studies show that the implementation of OFA technology
on the boiler PK-39 Aksu TPP leads to a change in the
distribution of temperature T, the concentrations of carbon
CO; and nitrogen NO oxides in the combustion chamber.

Thus, the studies in this paper demonstrate that overfire air
technology is one of the most promising ways to reduce
emissions of harmful substances (nitrogen oxide NOx and
carbon dioxide CO,) in the atmosphere and can be used in the
combustion of high-ash fuels in combustion chambers of coal-
fired TPPs.
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NOMENCLATURE

u; — components of the velocity, m/s;

t—time,s;

p — density, kg/m?;

5j — tensor of viscous tension;

p — pressure, Pa;

fi — volume forces, N;

h — enthalpy;

q" — energy flux density due to molecular heat transfer;

Sk —a source of energy;

cn — mass concentration of the components of the substance;

D, - the diffusion coefficient of a component;

S

cn

of the chemical reactions in the change in the concentration of
components;

k — turbulent kinetic energy per unit mass;

e — effective viscosity;

ok o, — turbulent Prandtl numbers — empirical constants in
turbulence model;

P — the production of turbulent kinetic energy, which is
determined by the following equation;

¢ — dissipation rate of turbulent Kkinetic energy per unit
mass;

oij — Kronecker delta;

Uwro— turbulent viscosity;

Ce1, Ce2, C, — empirical constants;

v — frequency of radiant energy emitted from the element
area;

ds — length of the infinitesimal element allocated in space;

— the source term taking into account the contribution

Copyright © BAJECE
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Kabs, Ksca — Optical absorption and scattering coefficients;

Q —the solid angle;

Ai, Bi — the coefficients in the Taylor series expansion —
functions of intensity of radiation;

o — Stefan-Boltzmann constant;

bij — the matrix coefficient.
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