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TECHNOLOGY FOR REDUCTION OF NITROGEN OXIDE
EMISSIONS AT PULVERIZED COAL BURNING

To assess the influence of thermochemical preparation of anthracite on the formation of nitrogen oxides, a 3D numerical
model of the TPP-210A boiler’s furnace has been created for standard and modified burners. The calculations have showed
a decrease in NOx concentration along the vertical extent of the furnace and in the amount of unburnt coal for the modified

burners as compared with the standard ones.
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Cooperation between Ukraine and the Euro-
pean Energy Community is aimed at reaching
high technological and environment indices in
the field of thermal engineering by means of con-
struction of greenfield or rehabilitation of exist-
ing coal-based generating units using pure coal
technologies.

Thermochemical coal treatment (TCP) before
combustion in the boiler furnace is one of tech-
nologies for flare coal boilers. It has been imple-
mented in the boiler furnace TPP-210A (3A
Trypillia TES) and showed improved burning
process. Other researchers based on results of
their tests [1] have reported possibility of reduc-
ing emissions of nitrogen oxides using TCP if the
content of volatile substances in coal > 13%. In
order to show a TCP effect on concentration of
nitrogen oxides it is necessary to replace at least
four of six burners in the furnace of TPP-210A
boiler for anthracite burning. Currently, the four
burners have been manufactured to be installed
on the boiler of Trypillia TES. To estimate a re-
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duction of nitrogen oxide emissions using TCP
burners using ANSYS Fluent software, prelimi-
nary comparative computations have been done
for two options of burners.

The TPP-210A boiler works on anthracite and
consists of two bodies, its furnace has a neck to
create conditions for quick removal of liquid slag.
Two methods for burning of pulverized anthra-
cite were chosen for comparison: the design me-
thod for the TPP 210A boiler using standard vor-
tex burners with pulverized coal supply with pri-
mary air and a separate channel for supply of se-
condary air (Fig. 1) and the TCP method. The
design scheme and distribution flows are showed
in Fig. 2. Detailed description of the method dis-
cussed is given in [2—4].

Further, to determine the effect of TCP method
[3] on the furnace performance, the comparative
numerical analysis has been made using ANSYS
FLUENT software for the operation of TPP-210A
boiler equipped with standard burners for com-
bustion of pulverized coal and TCP burners. The
simulation program provides computations for
the processes of gas and pulverized anthracite
combustion, two-phase flow and combined con-
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Fig. 1. Scheme of standard burner for TPP-210A boiler

Fig. 2. Configuration of TCP burner for TPP-210A boiler:
1 — pulverized coal burner box; 2 — butterfly damper; 3 —
incendiary device; 4 — muffle chamber for pulverized coal
thermal treatment; 5 — temperature sensors; 6 — secondary-
air burner box; 7 — existing gas collector; 8§ — temperature
controller; 9 — controller of gas feed for TCP

vection and radiation heat transfer in the object
in question. Additionally, in the post-processing
mode, the formation of nitrogen oxides has been
computed.

INPUT DATA FOR COMPUTATIONS

The input data are based on information from
technical specifications of TPP-210A boiler of
the Trypillia TES and standard method for boiler
thermal design [5]. Configuration of design area
for the furnace of two-chamber boiler with re-
moval of liquid slag is given in Fig. 3.
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Fig. 3. Geometry of furnace of TPP-210A boiler

The estimated area is divided into 5 zones and
limited with walls and furnace exit surface. In the
1st zone, there are six burners to which air mix
and secondary air are fed; the 5" zone ends with
the narrowest neck in the area of aerodynamic
nose. The simulation of flow U-turn in the area of
neck significantly complicated the process, with
the reverse flows distorting the results at the exit
from estimated area. The 1st zone wall surface in-
cludes the orifice for slag discharge.

To simulate the processes in the furnace, the
boundary conditions on the walls were set by tem-
peratures obtained from the zonal thermal design
by standard method [5]. The results are obtained
with slag and coal dust deposition on the surfaces
taken into account (Table 1). For the 2"—5% zo-
nes in the model they are approximated by linear
dependences on longitude coordinates.

In addition to component consumption in the
burners the model takes into account the supply
of drying agent (air) to the furnace through waste
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nozzles and air suckers located around burner
flanges and at the inlet to the 3™ zone. The pa-
rameters based on data of thermal design for
TPP-210A boiler of the Trypillia TES in nominal
mode are given in Table 2.

Anthracite having a lower combustion heat
per as-fired fuel is considered as fuel Q' =
= 24.5 M] /kg. The technical analysis of as-fired
fuel and coal element composition is presented
in Tables 3 and 4.

Coal particle size composition is assumed to
be described by Rosin-Rammler distribution with

an exponent 1.1 within range of 5—205 um and
average size of 40 pm. The nitrogen content is
assumed to be equally divided between the vola-
tile and solid fractions, with total volatile yield
(given high-temperature volatile yield) exceed-
ing 1.7 times the results of standard technical
analysis [6, 7].

The computation program describes the com-
bustion of coal particles using Non-Premixed Com-
bustion model and the volatile-matter yield by
Two Competing Rates model. The irradiation is
described by P-7 model. The turbulence is taken
into account using Realizable k-epsilon model with

Table 11 Ephanced function of the wall. The Fluent softwa-
Temperature t (°C) of Wall Surface re enables to avoid direct setting of epsilon values
No. area - " b at the inlet to estimated area using the k-epsilon
turbulence model. The calculations have been ma-
1 1467 1467 1467 de with setting the initial turbulence parameters
2 1242 1169 1063 (Tu = 10%) and hydraulic diameter.
3 1063 1038 964 The heat boundary conditions on the walls of
é 964 gig 90? estimated area were defined on the basis of the
008 850 B following assumptions. Surface temperatures av-
Table 2
Parameters of Inflows in Nominal Mode
TCP burner Standard burner
Flow Air Coal Torsion Air Coal Torsion
type
m* T m - m T m
kg/s K kg/s (Utan,/Uax) kg/s K kg/s U[an,/UaX
Central flow 13.7 493 5.61 0.466 14.6 493 0 0.466
Primary air mix 18.1 387 11.22 1 18.1 387 16.83 1
Secondary air 114.6 493 0 1.73 114.6 493 0 1.73
Air for gas 0.87 323 0 0 0 0 0
Cxujne moBiTpst 12.6 387 0 0 12.6 387 0 0
IIpucmoxrtu 7.80 313 0 0 7.80 313 0 0
Gas 0.24 323 0 0 0 0 0 0
Note. *m — consumption; **U__ /U — ratio of tangential to axial component of velocity.
Table 3 Table 4
Technical Analysis of Anthracite Element Composition of Coal Organic As-Fired Fuel
Content, wt. v C(s) A" wr Element composition | C%" Hdf Odaf Ndaf Sdaf
% 4 69 19,5 7,5 % 92.5 1.97 | 258 | 0.79 2.14
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erage weighted by surfaces of furnace zones (sur-
face of slag layer) were taken from the results of
zonal furnace computations for nominal load re-
gime by standard method.

However, direct use of these data as boundary
conditions is not fully correct, insofar as it means
«non-physical» jumps of both surface tempera-
ture and heat flux densities at the boundaries of
furnace zones.

Therefore, an option provided by ANSYS
FLUENT software (which does not require any
modification of grid model) was used for formu-
lating heat boundary condition on the walls as
heat resistance and temperature of the outer wall
surface with respect to the estimated volume. The
required parameters were taken from the men-
tioned zonal computations by standard method
and from the thermal design documents for boiler
furnace of Trypillia TES.

To solve the task, firstly, flows and nitrogen ox-
ide formation processes were computed within
the boiler volume that is approximately corre-
sponds to contribution of one burner, instead of
the whole furnace showed above. The method for
separation of such volume is showed in Fig, 4 fea-
turing the boiler furnace (top view).

The estimated area (as marked on the picture)
sides with the 2" (central) burner; the top and
bottom symmetry planes are placed at a half of
distances between the burner axes. The third
symmetry plane is located at a half of distance be-
tween the fond and the rear surfaces of furnace.

These assumptions were made in order to re-
duce the volume of estimated area and, respec-
tively, resource consumption and time for ob-
taining computation results. However, the re-
sults are explained by incomplete matching of
model to the real object. In particular, the cross
section of estimated area in this case is less than
1/6 cross section of the furnace (while the com-
ponent consumption per a burner accounts for
1/6 of consumption for the whole furnace).
Therefore, the time of particle stay within the
estimated area in this model is underestimated.
In addition, the share of wall surface in the esti-
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mated area perimeter is less than that in the real
object. Finally, the direction of flow twist in the
part of adjacent burners limiting the estimated
area does not fully correspond to those in the real
furnace, which affects gas fluxes in the burner

neighborhood.

RESULTS OF COMPUTATIONS

Firstly, the adequacy of obtained numerical mo-
del was assessed as compared with thermal design
of boilers. Based on obtained results of simulati-
on and computation by standard method (Fig. 5)
one can conclude that, in general, they show a
quite good qualitative and quantitative agreement.
For the standard method being developed as gen-
eralization of long-term, primarily, in-situ surveys
and trials of numerous operating boilers the ob-
tained results of simulation can be considered
satisfactory.

Further, the field parameters of boilers with
TCP and standard burners were compared. Figs.
6—8 (see color inset) show the obtained tem-
perature distributions for gaseous phase in vari-
ous cross sections of the furnace. In both cases
the temperature fields are similar. Local tempe-
rature maximum (Fig. 6) is lower for the TCP
burners, which can favorably affect the forma-
tion of nitrogen oxides. The maximum tempera-
ture zones in both cases correspond to heat insu-
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Fig. 5. Comparison of dependence of the share of unburnt fuel along the furnace vertical for the
simulation results and the thermal design, by standard method
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Fig. 9. Average temperature along the furnace vertical

lated lower radiant section (LRS); thereafter, tem-
perature falls sharply as a result of intensive ra-
diation exchange.

At the level of neck, the average temperature
of cross section (Fig. 9) is higher for the case of
TCP burners, as compared with the standard ones
(1934 and 1916 K, respectively). Vertically up,
the gaseous phase gets cooler almost with a linear
pace in both cases. A difference of approximately
20 K remains fixed until the end of estimated area,
where the average temperatures are 1593 and
1576 K for the TCP and the standard burners, re-
spectively.

Fig. 8 features a temperature field of LRS wall
surfaces (including the furnace bottom), which is
the most interesting. The TPP-210A boiler hav-
ing liquid slag to be removed, temperature near
the slag tap opening significantly influences the
reliability of boiler operation. Temperatures near
the slag tap opening do not differ essentially, i.e.
despite lower core temperature for the TCP burn-
ers the discharge of liquid slag is not impaired.

Oxygen concentration fields (Fig. 10, see color
inset) are similar for both cases, in general. At the
exit from the estimated area the volume oxygen
concentration is almost the same in both cases
(2.53 and 2.52% for the TCP and the standard
burners, respectively). However, since pyrolysis
and combustion in the case of TCP burners start
as early as in the muffle, oxygen concentration in
the furnace is less along the vertical as compared
with the standard burners. In the case of TCP
burners, in the active combustion zone, there are
areas where oxygen concentration is almost zero.
This creates a reducing environment where reac-
tion of nitrogen reduction from its oxides can take
place, which should stimulate a decrease in the to-
tal and output concentration of nitrogen oxides.

At the same time, a decrease in oxygen concen-
tration impairs the combustion process (Fig. 11),
which can lead to a certain increase in concentra-
tion of combustibles in the discharged gases for
the TCP burners as compared with the standard
ones. Therefore, in the future, the TCP method is
planned to be used in combination with in-fur-
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nace measures for raising efficiency and environ-
ment compatibility of combustion.

Volatile yield fields show the key effect of TCP
method on the air mix as devolatilization and
combustion of a part of volatile matter occur in-
side the burner, which makes the ignition of low-
volatile coal more reliable. Fig. 12 (see color in-
set) show that in the case of TCP, the devolatil-
ization ends earlier that in the case of use of stan-
dard burners. In both cases, devolatilization ends
(rate falls under 5-10~2 kg/(s'm?)) within dis-
tance of the 1% gage from the burner cut. Having
compared the data of Fig. 12 with those of Fig. 10,
one can see that in the case of TCP burner the
most intensive devolatilization is localized within
areas with insufficient amount of oxygen. This sti-
mulates a decrease in the intensity of nitrogen
oxide formation in such burner.

Combustion of coke residue lasts as long as
coal particles stay in the furnace (Figs. 13 (see
color inset), 14). In the case of TCP burner, the
combustion starts inside the burner and is more
intensive near the burner. Further, the solid par-
ticle combustion rate becomes even along the fur-
nace vertical (Fig. 14). The share of incompletely
burnt coal particles at the exit is 2.09 and 2.87%
for the TCP and the standard burners, respec-
tively, which means that early ignition has a more
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important effect on complete combustion than re-
duced oxygen concentration. The share of unburnt
matter is defined by the formula:

u)al (Bm BO]
N (Bout + Bout))/(B::—’_ Bml) X 100 (1)

where B and B — consumption of combusti-
ble part ‘of coke residual at the input and the
output, respectively; BV‘;‘l and B)' — consumption
of volatile matter at the input and the output,
respectively.
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Earlier start of coal combustion in the case of
TCP burners enables to ensure more effective
burn-off, and, consequently, to save fuel.

When computing the nitrogen oxide forma-
tion all three mechanisms were taken into ac-
count: the thermal, the fuel, and the rapid ones
[8]. In the furnace neck and at the output, lower
concentrations of nitrogen oxides were obtained
in the case of configuration with TCP burners.
The computed NO concentration fields (Figs.
15—16, see color inset) confirm the assumption
that the main difference in nitrogen oxide for-
mation resulting from the use of TCP method is
in the lower part of LRS where active combus-
tion of coal takes place. In the case of TCP burn-
ers that have lower temperature of flame core
and lower concentration of oxygen in this regi-
on of LRS, lower yield of thermal nitrogen ox-
ides is reported. This has been confirmed by the
fields of rates of formation of fuel and thermal
nitrogen oxides (Figs. 17 and 18, respectively,
see color inset). Further, the combustion condi-
tions become even along the furnace vertical,
with the diagrams of average NO concentrati-
ons being almost equidistant (Fig. 19). Nitrogen
oxide concentration is lower by 10—15% in the
case of TCP burners.

CONCLUSION

A computational analysis of operation of fur-
nace equipped with standard burners and with
TCP burners has showed the following:

1. For the use of standard burners of TPP-210A
boiler temperature and level of burn-off in the
furnace have been computed for 100% load using
ANSYS FLUENT program. The results are in
good agreement with the thermal design of boiler
specifications;

2. The TCP method enables improving igni-
tion conditions at the output from burners and
raising the share of burnt coal particles in the
furnace.
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3. The use of TCP burners enables to decrease
nitrogen oxide concentration at the exit from the
furnace by 10—15%.

4. To reach the European standards for nitro-
gen oxide emission of flame boilers, in addition to
the use of TCP burners, other in-furnace mea-
sures shall be taken (staged combustion, chemi-
cal NOx absorption methods, etc.).

5. The computation results are deemed rough
estimates as a result of assumptions made for sim-
plification and speedup of computations. Subse-
quent computations (in particular, for the full
size furnace) and the results of full scale tests will
define the data more exactly.
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TEXHOJIOI'TA SBHMXXEHHA
BUKHNAIB OKCUAIB A3OTY
TP ®AKEJIBHOMY CIIAJIIOBAHHI BYTTJIJIA

[l ominky eheKTUBHOCTI BIUIUBY TEPMOXiIMIiUHOI TTijI-
TOTOBKH AHTPAIMTy Ha YTBOPEHHS OKCHIIB a30Ty Oyiia
CTBOPEHA TPUBUMIpHA YMCJIOBA MOJI€Jb YACTUHY MAJTHBHI
korma TIIII-210A pna cramgapTHUX i MoamdikoBaHWX
MAJTbHUKIB. Pe3ysbTaTy po3paxyHKiB MOKa3aIn 3HUKEHHS
KOHIIEHTPAIlil OKCHU/IiB a30Ty 1O BCiif BICOTI NMAJWBHI pH
3MEHIIEHHI CTYIEHIO HeOTATIOBAHHS BYTI/IS TSI MO~
¢ikoBaHUX MAJBHUKIB y TMOPIBHAHHI 31 CTaHIAPTHUMU
MATbHUKAMHU.

Knwouogi croea: okcuau a3oTy, aHTPAINT, TATbHUK, BY-
TiJ171s1, TEpMOXiMiuHA MiZITOTOBKA.
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TEXHOJIOTVA CHUKEHNA
BbIBPOCOB OKCI1JIOB ASOTA
TP ®AKEJILHOM CKXUTAHUU YIJIA

st oneHkn abdOEKTUBHOCTH BJIUSHUST TEPMOXUMUYEC-
KOU IOJTOTOBKH aHTpAIUTa Ha 00pPa30BaHIE OKHCJIOB a30Ta
6bLIa cO3[aHa TPEXMePHAs YNCI0BAST MOJIENb YaCTH TOMKU
xotia TIIII-210A mis cTanAapTHBRIX ¥ MOAMGUITTPOBAHHBIX
ropeJsiok. Pe3yJbTaThl pacyeToB MMOKA3aJU CHUXKEHUE KOH-
IIEHTPAIMN OKKCJIOB a30Ta 0 BCell BBICOTE TOITKH P YMeHb-
IIIEHUU CTETIEHN HEeI0XKOTa YIS ST MOAM(UIINPOBAHHBIX
TOPEJIOK TI0 CPAaBHEHUIO CO CTAHIAPTHBIMU TOPEJTKAMI.

Kntwouesvie cnosa: OKCH/bI a30Ta, aHTPAIUT, TOPEJIKa,
yToJib, TEPMOXUMUYECKAA ITOJATOTOBKA.
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