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Abstract

Numerical investigations of an anti-corrosion design and the combustion process (original
conditions and optimal conditions) were conducted for a 660 MW opposed wall fired boiler. In
order to solve high-temperature corrosion of the side wall, a scheme is proposed: slotting in the
side wall and introducing air (closing-to-wall air) from the secondary air. The effect of anti-
corrosion was disclosed in detail by varying the structures of slotting, gas velocities from
nozzles and jet inclination angles. The temperature and NOx distribution in the furnace at
optimized conditions were compared with those at the original operating conditions.
Simulation results showed that the structures of the slot and gas velocities from the nozzles
have a marked effect on anti-corrosion of the side wall. When the gas velocity was 4 m/s, an

inclination angle of the gas velocity was not conducive to anti-corrosion of the side wall. When
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the gas velocity increases at the middle and bottom of the side wall, the anti-corrosion effect
increases significantly. When the optimal scheme is adopted, the corrosion area of the side wall
decreases obviously, but the furnace temperature and the NOx emission increase slightly. The
detailed results of this work promote a full understanding of closing-to-wall air and could help

to reduce the corrosive area in pulverized-coal furnaces or boilers.

Keywords: Coal combustion, Pulverized coal boiler, High-temperature corrosion, Slotting,

Closing-to-wall air and NOx emissions.

1 Introduction

At present, China relies on coal to meet 70% of its total energy needs and the coal production
as a major energy resource in China is expected to increase in the near future. However, the
use of a large number of coal-fired resources will exacerbate the air pollution (Mohr and Evans
2009) (Li, Zhuang et al. 2012) (Klein, Andren et al. 1975). As the aggravation of environment,
the standard of NOx emission is becoming more and more rigorous. The government and
organizations responsible for environmental protection have established stringent regulations
and legislation for controlling NOx emissions from pulverized-coal furnaces (Zhou, Yang et al.
2014). The available methods of reducing the NOx emission in pulverized coal boilers are
mainly low-NOx combustion technology and tail gas treatment. Selective catalytic reduction
(SCR) (Wang, Zheng et al. 2017) and selective non-catalytic reduction (SNCR) (Qiong, Yuxin
et al. 2013) of the tail gas treatment are very effective methods for controlling the discharged

NOx, but these methods are costly and uneconomical. The suitable low NOx combustion
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technology could frequently control NOx emissions more economically (Ti, Chen et al. 2016),
however, the application of low NOx combustion technology causes high-temperature

corrosion issues in the furnaces and boilers (Zhang 2011) (Liang, Lei et al. 2009).

At present, water wall tube’s high-temperature corrosion is increasingly prominent in large-
scale utility boilers, which has seriously affected the safe and economic operation of the boilers.
According to a statistics, high-temperature corrosion has been found in more than 80% large-
scale power plant boilers in China and resulted in enormous loss (Xiu-Qing and Zeng 2001)
(Zhou, Pei et al. 2015) (Jiang, Liu et al. 2014). Therefore, it is one of the most urgent problems
to be resolved in the field of heat and power generation to reduce the corrosion and NOx
emission simultaneously. Previous research showed that the near wall reducing atmosphere is
considered to be the important cause of high-temperature corrosion in boilers (Zhou, Pei et al.
2015) (Han, Chun-Mei et al. 2004). There are several methods to resolve the high corrosion of
water wall problem among them: the closing-to-wall air technology is in engineering practice
due to its simple and reliable advantages (Wu, Zhuang et al. 2005). The closing-to-wall air can
increase the local O2 concentration in the high-temperature corrosion zone. It fundamentally
destroys the reducing atmosphere required for the occurrence of corrosion reactions. The
reduction of reducing atmosphere improves the high-temperature corrosion effectively. When
the Oz concentration is greater than 2%, it is not producing high-temperature corrosion (Zhou,
Pei et al. 2015). In addition, when the proportion of the air volume rate to the total airflow is

less than 5%, it has a negligible effect on the ignition of pulverized coal and the combustion
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stability (Zhou, Pei et al. 2015) (Lu, Chen et al. 2015) (Chen, Lu et al. 2015).

Many researchers have proposed different methods to solve the problem of high-temperature
corrosion of water wall. (Zhang Zhixiang, Cheng Dingnan et al. 2011) proposed a new type of
wall attachment device for preventing the high-temperature corrosion of the tangentially fired
boiler’s water walls. The wall air is ejected along the axial direction of the water wall. The
results revealed that the utility device has the advantages of good effect, obvious reduction in
the amount of the closing-to-wall air and the reduction of the nozzle temperature. (Qiu Jihua,
Liming et al. 1999) attained combustion process of a 300 MW front and rear wall opposed coal-
fired boiler by computer numerical simulation under different working conditions. The results
showed that the temperature drop near the water wall is not obvious with the change in the
position of the closing-to-wall air on the front and rear wall. While on the side wall, the high-
temperature corrosion of water wall can be effectively reduced. During solving a problem of
high temperature corrosion of the water wall of the side wall in a 660 MW front and rear wall
opposed coal-fired boiler. (Chen, Lu et al. 2015) found that it can achieve good effect of oxygen
supplementation in the area around the nozzles along the furnace depth direction by using less
vertical closing-to-wall air. But with the diffusion range of closing-to-wall along the high
direction of the furnace wall is limited, resulting in a considerable part of the high temperature
corrosion area cannot get O2 supply. (Yang, You et al. 2017) found that the concentration of
CO and H>S near the side wall was significantly reduced and the reducing atmosphere on the

side wall was reduced by 40% by the injection of near-wall air.
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Some researchers have concluded that the closing-to-wall air can improve the anti-corrosion
situation of the furnace, but there is no detailed study on how the closing-to-wall air affects the
combustion behaviour in the furnace from the perspective of jet and mixing. In the present
study, the mixing mechanism of closing-to-wall air entering the furnace is analyzed
emphatically from the jet and mixing perspective. An in-depth analysis is made on how to
improve the corrosion resistance of the furnace by closing-to-wall air. The study provides a
detailed reference for the mechanism of closing-to-wall air to improve the anti-corrosion.
Furthermore, structure arrangements, gas velocities from nozzles and jet inclination angles are
simulated under different conditions. The combustion process (original and optimal conditions)
of the furnace is also simulated and analyzed in detail. Previous studies have shown that the
high temperature corrosion is mainly caused by the reducing atmosphere near the side wall,
while the distribution of O concentration is contrary to that of CO and H»S. The corrosive area
ratio (the area of O2 concentration less than 2% accounted for the percentage of total corrosion
area) is an indicator of the effectiveness of the corrosion protection is also discussed. Based on
the analysis of these different conditions, the anti-corrosion performance of the side wall is

explained in depth.

2 Materials and experimental methods

2.1 Materials

The coal quality analysis is shown in



101  Table 1. The sulfur content of the coal used in the boiler is very high. Higher the sulfur content
102  ofthe coal used in boiler, the more serious is the boiler corrosion. The value of pulverized coal
103 fineness is R90 = 16%. The particle size has a Rosin-Rammer (R-R) distribution (He, Qi et al.

104  2015) ranging from 10 to 200 um with an average particle size of 51.5 um.

105
106 Table 1. Ultimate and proximate analysis of the coal.
Ultimate analysis Proximate analysis Net heating
) ) value (MJ/kg)
wit% (as received) wit% (as received)
Volatile
Carbon Hydrogen Oxygen Nitrogen  Surfer  Moisture  Ash
matter
47.60 2.84 1.69 0.65 451 767  35.04 28.70 18.52

107

108 2.2 Boiler configurations and operating conditions

109  Fig. 1 shows the schematic configuration of the 660 MW opposed wall fired pulverized coal
110  boiler with swirl burners. It is a supercritical once-through boiler. The boiler investigated in
111  this study includes a hopper, burner zone, over fire air (OFA), side over fire air (SOFA) and
112  outlet. The total height of the boiler is 66 m. The height of the hopper is 10.5 m, while the
113 height of the other part of the boiler is 55.5 m. The cross-section of the boiler is a rectangle
114 with a width of 22.2 m and a depth is 15.5 m. The boiler adopts the rich/lean burner and the
115  distribution of the burner is divided into primary air, secondary air and central air, of which

116  secondary air is a swirling flow.
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Fig. 1. The schematic configurations of 660 MW pulverized coal boiler along with the

arrangements for slotting on the side wall.

There are 36 burners in total, 18 burners at the front wall, while the other 18 burners at the rear
wall. The burner nozzles’ distribution is at three levels of the furnace height. Under the
operation of design conditions, only 30 burners are put into use. The burners at the top of the
rear wall are out of service. Four SOFA nozzles are located above the burner zone. The top
nozzles of the furnace are OFA ports. The original operating conditions of 660 MWe pulverized

coal boiler at the power plant are given in Table 2.
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Table 2. The original operation data of 660 MWe pulverized coal boiler.

Electrical power block (MWe) 660
Total coal feed rate (kg/s) 85.62
Primary air velocity (m/s) 18.93
Primary air temperature (K) 368
Center air velocity (m/s) 15.20
Center air temperature (K) 573
Inner secondary air velocity (m/s) 8.60
Outer secondary air velocity (m/s) 5.61
Secondary air temperature (K) 573
OFA velocity (m/s) 54.80
OFA temperature (K) 573
SOFA velocity (m/s) 56.87
SOFA temperature (K) 573
Total ratio of OFA and SOFA (%) 25

The closing-to-wall air comes from OFA and SOFA, and the proportion of the closing-to-wall
air is controlled below 5% of the total air volume. After the initial trial calculations, it is
determined that the numbers of layers of the slots are mainly four and finally the optimization
is carried out on the base of the four layers. Fig. 1 also represents the arrangements of slotting
on the side wall. In simulation, the data on the side wall is taken from a plane 150 mm away
from the side wall and the plane was defined as the near side wall plane. Overall, there are four

different structures. The slot of each working condition is evenly arranged and four cases with



139  different arrangements are first numerically studied, then the optimal condition is chosen from
140  these four structures to study the anticorrosion under different operating conditions. The
141  required slotting area is determined according to the size of the corrosion zone, the calculated
142  parameters with different structures and slot arrangements are given in Table 3.
143 Table 3. The calculated parameters with different structures and slot arrangements.
Structure parameters Case 1-1 Case 1-2 Case 1-3 Case 14

L (mm) 670 4500 4500/2500 4500/2500

H (mm) 670 100 100 80

W (mm) 4430 600 600/300 600/300

S (mm) 3330 3900 3900 1810

D (mm) 2293 378 378 378

N 4 4 4 8
144
145  Where L and H represent the length and height of each slot respectively. W represents the
146  horizontal distance between two slots. S represents the distance between the two slots in the
147  wvertical direction. D stands for the horizontal distance between the outermost slot and the wall.
148 N represents layers of slots. If the volume of closing-to-wall air is not exceeding 5% of the
149  total air volume, it will not have a bad effect on the burning of pulverized coal and the steady
150 combustion in the boiler (Chen, Lu et al. 2015). Therefore, the volume of closing-to-wall air
151  should not exceed 5% under different conditions of gas velocity from nozzles. Based on the
152  above consideration, the side wall closing-to-wall air is chosen and four kinds of working
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conditions are simulated. The specific calculated parameters with different gas velocities are

given in Table 4.
Table 4. Calculated parameters with different gas velocities.
Parameters Case 2-1 Case 2-2 Case 2-3 Case 2-4 Case 2-5
Velocity (m/s) 1 2 3 4 5
Jet flux ratio (%) 1.00 2.10 3.13 4.18 5.22
Air temperature (K) 573 573 573 573 573

(Min, Li et al. 2014) investigated the effect of over fire air angles on flow characteristics within
a small-scale model. The results show that an optimal setting of 40° was found for the OFA
angle. Considering an effect of the angle of the gas jet on the mixing, five different operating
conditions ranging from 0° to 80° are studied. The specific calculated parameters with

different jet inclination angle are presented in Table 5.

Table 5. Calculated parameters with the different jet inclination angles.

Parameters Case3-1 Case3-2 Case3-3 Case3-4 Case3-5
Jet inclination angle (°) 0 20 40 60 80
Velocity (m/s) 4 4 4 4 4

Based on the results of gas velocity and inclination angle conditions, three different

10
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combinations are studied and finally, an optimal condition is obtained. The specific
combinations of calculated parameters with different gas velocities and inclination angles are
given in Table 6. The setting of original boundary conditions is listed in Table 2 according to
the actual operation data of the boiler. The gas velocity of the side wall nozzle is determined
according to the simulated working conditions in tables. The turbulence specification method

is intensity and hydraulic diameter.

Table 6. The combinations of calculated parameters with different gas velocities and
inclination angles.

Parameters Case A Case B Case C Arrangements
6 6 6/30° 1
6 6 6 2
Slots
Velocity (m/s) 5 5/6 576 3
5 4/5.5 4/5.5 4
2/ 2/1 2/1 Square nozzles
Air volume rate (%) 4.9 4.9 4.9

2.3 Description of numerical models

The numerical simulations are conducted on the basis of a computational fluid dynamics (CFD)
coding. According to specific characteristics of the front and rear walls of the coal-fired boiler,
a three-dimensional mathematical model is established to simulate the combustion process in
the boiler. The area calculations of the boiler include ash hopper, furnace (Including swirling
burner, OFA, SOFA) and tail flue. The simulation of swirling burner is performed by separate

11
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calculations due to its complex structure. After the flow field calculations, the results of
swirling burner are taken as boundary conditions of the combustion process. Due to complex
structural characteristics and flow symmetry of the boiler and in order to divide the grid more
precisely half of the pulverized boiler structure was selected as the numerical simulation object.
The method of drawing mesh in different domains is used to reduce the pseudo diffusion. It
specifically shows that proper encryption of the mesh in the swirl burner and furnace burner
region. After meshing, the independence of the grid is analyzed, and the total number of grids

in the coal-fired boiler is about 4 million.

The combustion in pulverized coal boiler is a complex physical and chemical process involving
chemical reactions, multiphase flows, heat and mass transfer operations. The corresponding
governing equations of CFD are continuity equation, momentum conservation equation and
energy conservation equation. Based on the computational fluid dynamics platform and using
gas-solid two-phase flow model (Euler-Lagrange method) (A. Kohli and D. G. Bogard 1997)
(Belosevic, Srdjan et al. 2012), the flow field of the entire boiler is numerically calculated. The
combustion and heat transfer process in the furnace is numerically calculated using combustion
heat transfer module of the fluent. Realizable K- epsilon model (Zhou, Mo et al. 2011) is used
to simulate the turbulence in the boiler, it can accurately predict the diffusion of circular jet-
flow, rotational flow and secondary flow. For the combustion of the gas phase, non-premixed
combustion model is used because this model allows the prediction of intermediate component,

dissolving effect and rigorous turbulence chemical coupling.

12
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For solid phase, the movement of pulverized coal particles in the furnace is a gas-solid two-
phase flow with a chemical in a turbulent flow. The volume fraction of pulverized coal particles
is very small (<10%) relative to the continuous phase, hence, discrete phase model is used to
calculate the motion of particles. The coal particles are considered as discrete particles, which
track the trajectories of pulverized coal particles and calculates the heat and mass transfer
caused by pulverized coal. The process of pulverized coal combustion can be defined as the
precipitation of volatiles and the combustion of coke. Both of the processes are carried out at
the same time and could affect each other. Dual-competitive reaction model is used to simulate

the precipitation of pulverized coal volatiles in this study.

The burning of coke is a complex process. It is assumed that the reaction rate of coke is affected
by the rate of oxygen diffusion to the surface of coke and the reaction rate of coke surface at
the same time. Therefore, the kinetic/ diffusion control rate response model is adopted. Because
of the high temperature in the furnace, radiation heat transfer is also considered. The p-1 model
(Hu, Liu et al. 2013) was taken as it is relatively simple and widely used in the radiation heat
transfer in the furnace. In the simulation, the velocity inlet and pressure outlet are taken as
boundary conditions. Overall three-dimensional steady state calculations are adopted. The
standard wall function is used to deal with the near wall turbulent flow in swirl combustion,
the finite-difference methods are used to solve the differential equations, the simple algorithm
and the first-order upwind format are used to solve the governing equations (Hu, Liu et al.

2013). The post-processing method is used for the prediction of NOx concentration, and later

13
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on, the generation law of nitrogen oxides is applied. A CFD work is completed in three stages:
pre-processing, solver and post-processing. The gambit is used in pre-processing. The fluent
6.3.26 is applied to solve all conservation equations. The numerical solution post-processing is
gathered with the tecplot 360 2010 and origin 2015. Every condition requires an iteration of

30000 steps to converge.

3 Results and discussion

3.1 Validation of the model

To validate the methodologies used in this study, the CFD simulation results are compared with
experimental data of actual operation (Lu, Chen et al. 2015). The boiler modelling, meshing
and model selection is based on the actual situation. Therefore, if the simulation and calculation
methods are correct, the simulation results should be consistent with the experimental data of

actual operation. The comparison of results is listed in Table 7.

Table 7. Comparison of average parameters of furnace outlet temperature and O concentration

(Lu, Chen et al. 2015).

Parameters Predictions  Original condition  Relative errors
Furnace outlet temperature (K) 1358 1317 3.11%
Furnace O3 concentration (%) 2.55 3.00 15.00%

14



LCE R L 2 A

235

236 (@) CO concentration distribution

[
7 5 3
Height/m

-8 -4 0 4 8
Depth/m
237
238 (b) Oz concentration distribution
239 Fig. 2. O and CO concentration distribution in the near side wall

15



240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

The simulated data shows that the average temperature of the furnace outlet section is 1358 K.
The average concentration (mole fraction) of oxygen in the furnace outlet section is 2.55%, the
actual mean temperature of the furnace outlet is 1317 K and the actual oxygen concentration
in the furnace outlet is 3%. It can be seen that the simulation predictions are very close to the
actual conditions. And the relative errors are comparatively small. Fig. 2 shows the distribution
of CO and O; concentration distribution near the side wall. Fig. 2(a) shows a high concentration
of CO near the side wall, whereas the distribution of O is the opposite in Fig. 2(b). It is
consistent with the corrosion area found in boiler shutdown detection. Then it shows that the
simulation methodologies adopted are justified and it can give reliable and accurate predictions

for the 660 MW front and rear wall opposed fired boiler.

3.2 Effect of slot structure parameters

Fig. shows the distribution of O> concentration in four schemes. It can be clearly seen the
change of O concentration in the near side wall. When the rate of closing-to-wall air is same,
the Oz coverage area of casel-1 is the smallest, casel-3 and casel-4 are larger than the others.
Comparison of casel-1 and casel-2 in the corrosion zone, the Oz concentration is relatively
high with the narrow slots. This is because the airflow of the narrow slot has a longer coverage
area when the flow is in the mainstream. So the coverage performance of O» with narrow slots

is better than that with square slots in the near side wall.

16
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Fig. 3. The O> concentration contour of the different structures and arrangements in the near
side wall.

Fig. shows the corrosive area ratio (the area of Oz concentration less than 2% accounted for
the percentage of total corrosion area) of in the near side wall under different conditions. It can
be clearly seen the changes in the data of the four schemes. In casel-2 and case1-3, the narrow
slots are divided into two types. As a result, the distribution of O concentration of the latter is
more uniform than the former. This is due to its staggered arrangement. It makes the gap area
to get a good airflow cover. Subsequently, a stagger arrangement of slots is better than in

aligned arrangement.
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Fig. 4. The corrosive area ratio of the side wall under different conditions.
For casel-4, the mean O, concentration increases up to the maximum value, resulting from the
closing-to-wall air being injected into the furnace evenly. Comparison of four conditions,
arrangement of casel-4 has the best antiseptic effect under the current working conditions. In
the latter calculations, slot structures and arrangements are considered as casel-4. Furthermore,
the comparison of casel-1 with the others shows that the O coverage in the middle of the
corrosion zone is poor than others. Although the overall coverage effect of casel-1 is poor, the
coverage of the top of the nozzles is larger than that of other cases. This is because the gas
velocity in the middle of the opposed wall firing boiler is larger than the two sides, square slots
have more gas flow than other cases. Accordingly, there is still more gas in the near wall area

when it is mixed with the mainstream.
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3.3 Effect of gas velocity from nozzles

The results of corrosive area ratio and the jet flux ratio of pulverized coal boiler are shown in
Fig. . It can be seen that with the increase of velocity, the jet flux ratio of the closing-to-wall
air increases linearly. This is due to the fact that other conditions are constant, while the increase
in velocity is bound to increase the amount of closing-to-wall air, which increases the

proportion of closing-to-wall air in the total air volume.

80 : . 6
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Fig. 5. The corrosive area ratio and jet flux ratio in different cross-sections with the jet
velocities.

On the other hand, the corrosive area ratio on the left shows a downward trend in general. This
can be interpreted as when closing-to-wall air volume increases, relative to the hot flue gas of
the pulverized coal boiler, low-temperature closing-to-wall air reduces the corrosion zone
temperature, and a large amount of air is ejected from the side wall. Therefore, the reductive

19
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atmosphere near the furnace wall can be improved, and this effect is better with the increase of
air flow. When the velocity increases from 1 to 3 m/s, the corrosive area ratio dropped from
73.22 to 31.85%, this reduction of the corrosion area is very clear. When the velocity increases
from 3 to 5 m/s, the corrosive area ratio decreases almost linearly, but the decline is slightly
slower than that in the front. Consequently, it is very effective and important to select the
reasonable gas velocity of closing-to-wall air to reduce the furnace corrosion area. The larger
is the gas velocity, the more air enters means more O; it will have to destroy the reducing
atmosphere required for the occurrence of corrosion reactions. The smaller area of corrosion is
caused by reducing atmosphere. However, there are some restrictions on the volume of closing-
to-wall air. When the closing-to-wall air velocity is 5 m/s, the required wall air volume is too
large to exceed the value as seen at the red dotted line in the Fig. . Therefore, it is observed that
the best antiseptic effect can be achieved at the velocity 4 m/s under the current working

conditions.

3.4 Effect of jet inclination angle

Fig. shows the variation of O2 concentration in the near side wall under different injection
angles. Overall, under the condition of 4.18% jet flux ratio, the trend of corrosive area ratio
curve decreases with an increase of jet inclination angle. The results are not the same as the
small hole jet and gas film cooling (Liu 2007) (A. Kohli and D. G. Bogard 1997). For the small
hole jet, when the direction of the jet is perpendicular to the direction of the mainstream, there
1s more vigorous interaction and mixing of the jet with flue gas. In this study, the air jet velocity

20
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is smaller than the mainstream because of the limitation of the closing-to-wall air volume. The
rigidity of the jet is weaker, and when the closing-to-wall air enters it could be easily diluted
by the flue gas in the furnace which is not very effective for O, coverage on the side wall.
However, the jet also has a blocking effect on the mainstream which is effective for O, coverage.
Secondly, due to the design and layout of the swirling burner, the flow in the opposed wall

firing boiler furnace is complex, which is different from the general single direction flow.

The curve in Fig. indicates that as the jet inclination angle increases, the Oz coverage rate
becomes lower, it achieves a worse anti-corrosive effect. This is because that the closing-to-
wall air is injected into the furnace from the side wall which has a blocking effect on the
mainstream flue gas coming from the lower part. When the air enters into the furnace vertically,
it has the largest blocking effect on the mainstream near the side wall. Thus, it is difficult for
the mainstream flue gas to reach the side wall, as a result, the reducing atmosphere near the
side wall also reduces. Although the jet flow has a certain angle, the interaction between the
mainstream and the jet flow is enhanced. The jet flow has a greater blocking effect on the

mainstream. So the corrosive area ratio is the least when the jet inclination angle is 0°.
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Fig. 6. The corrosive area ratio and jet flux ratio in different cross-sections with the jet
inclination angle.

When jet inclination angle increases, the angle between the jet flow and the mainstream
becomes smaller. As a result, the ability of the jet flow to block the flow of the mainstream
becomes weaker. Moreover, when jet inclination angle exceeds 40° , the corrosive area ratio
increases significantly. As the jet inclination angle reaches 80° , the direction of the closing-
to-wall air velocity is almost parallel to the direction of the mainstream velocity and the
corrosive area ratio is almost 70%. At this moment, the jet has the weakest barrier to the
mainstream. The mixing of the jet and the mainstream is also the weakest. But the blocking
effect is the main factor in O> coverage on the side wall. The reducing atmosphere has not been

effectively improved, so the corrosive area ratio is the largest.
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3.5 The optimal strategy

Fig. shows the O2 concentration contour of three different conditions in the near side wall
when the jet flux ratio is 4.9% (<5%). The O distribution in three cases is almost similar. The
O2 coverage of the case C is the larger than the others, therefore the reducing atmosphere of
the case C can improve more effectively than other cases. It can be concluded that the
arrangement of the case C is best for anti-corrosion in these three schemes. The difference

among them in O: distribution is mainly in the middle and bottom of the side wall.
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Fig. 7. The O2 concentration contour of three different conditions in the near side wall.
The O: concentration near to slots is very high. Then it is quickly reduced through dilution
along the furnace height. In a comparison of case A and case B, the O concentration of case B
is slightly higher than that of case A in the middle of the side wall. The cause behind this
phenomenon is mainly due to the relatively large mainstream velocity in the middle of the side
wall. The mainstream velocity in the middle of the side wall is much greater than that on both

sides in the opposed wall firing boiler. The decrease in gas jet velocity at both sides of the wall
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has a few effects on O, coverage. Therefore, with an increase of the gas jet velocity in the
middle of the side wall, the O coverage performance increases significantly. In a comparison
of case B and case C, the most obvious difference is at the bottom of the side wall, O> coverage
at the bottom of case C is apparently larger than that of case B. The air jet direction at the
bottom of the side wall of case C has an inclination of 30°. This arrangement is mainly due to
the small amount of flue gas produced at the bottom of the side wall and the smaller mainstream
velocity. After that, the air jet flow easily enters the middle of the furnace and is quickly diluted
with the mainstream. Therefore, when the air jet flow of the lowest layer has a certain angle of
injection, the Oz concentration of the side wall is greater. The reductive atmosphere is more
effectively improved and anti-corrosion performance is far better. Different positions of the
side wall require a different arrangement of the air jet, for less flue gas at the bottom, it is
necessary to use air jet with a certain inclination angle. This makes the sprayed air more able
to stick to the wall. For a large amount of flue gas and higher velocity in the middle of the side

wall, a larger air jet velocity is required to improve the reducing atmosphere of the side wall.

3.6 Effect of the closing-to-wall air on combustion and pollutant emission

Fig. shows the average temperature distribution of flue gas in different cross-sections along
the furnace height. Drawing a comparison between the original conditions and the optimized
conditions, it can be seen that the general trend of the closing-to-wall air’s curve is consistent
with the original conditions. At the very start, when the original condition is at the height of 10
meters, the average temperature of the furnace is about 1300 K, while the temperature of
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closing-to-wall air condition is about 1400 K, with the increase of furnace height, the fuel was
correspondingly increased. The combustion became more and more intense. Therefore, the
temperature keeps going up. When the original condition is at the height of 20 meters, the
average temperature of the furnace is about 1600 K, while the temperature of closing-to-wall

air condition is about 1700 K.
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Fig. 8. The average temperature distribution along the furnace height.

When the furnace height is higher than the top burner, the fuel quantity is no longer changing,
and the combustion is in a relatively stable period. The temperature of the two conditions
remained relatively stable. However, when it reaches the OFA nozzle, the temperature of the
furnace is rapidly decreased due to the introduction of a large amount of OFA. The temperature
of the original conditions is reduced to 1515 K, while the temperature of the optimized

conditions is reduced to 1593 K. With the burning of pulverized coal, the temperature of the
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furnace increases again. Finally, with the burnout of pulverized coal the temperature decreases
slowly. Due to the introduction of the closing-to-wall air, the furnace temperature increased
about 70K generally in the most zone, however, it can be seen from table 8 that there is no

obvious effect on the burnout rate of furnace outlet.

Table 8. Burned carbon rate at the furnace outlet.

Parameters Original condition = Optimized condition

Burned carbon rate (%) 99.40 99.38

The temperature in the original case is lower than the optimum temperature in the furnace. This
is due to the introduction of the closing-to-wall air that has two effects. One is due to the
introduction of cold air which has the effect of reducing the temperature of the furnace flue gas
and the other is the introduction of air which provides a large amount of oxygen, causes the
pulverized coal to further burn and release heat. The heat released by combustion is greater
than the heat consumed by the cold air, consequently, the overall temperature of the furnace is

slightly higher than the original conditions (Lu, Chen et al. 2015).

Fig. shows the distributions of NOx concentration along the height of the furnace. It can be
seen that NOx concentration distribution of both of the two cases is almost similar. In between
the burners, the concentration of NOx is high because the Oz concentration is higher than that

in the vicinity of the burner, as a result, the generated NOx exist in large quantities without
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being reduced. These findings agree with those of (Lu, Chen et al. 2015) and (ZhengqiLi,
LingyanZeng et al. 2011). Furthermore, at the furnace height of 10 meters, the NOx
concentration of the original conditions is 330 mg/m’ . Whereas, the NOx concentration of the
closing-to-wall air conditions is twice as high as that in the original conditions. This is because
the introduction of closing-to-wall air has increased the oxygen concentration in the fuel area

so that air classification effect of the original boiler is weakened.
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Fig. 9. Distribution of the average NOx concentration along the furnace height.
When the furnace height increases to the OFA zone, The NOx concentration of the original
conditions and optimized conditions increases significantly. However, the NOx concentration
at the optimized conditions increases to higher levels. This is related to the temperature of the

furnace. The furnace temperature of the optimized conditions is higher than that of the original

conditions and the time of fuel burning becomes shorter. Therefore, in a short time, the NOx
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concentration increase more obviously when closing-to-wall air conditions are applied. But
with the rapid burn out of the fuel, it eventually reaches a stable value. While the burning of
the original conditions have been kept at a slow speed. It can be found that the NOx
concentration in the original conditions is 220 mg/m® in the vicinity of the furnace outlet, while
the NOx concentration in the closing-to-wall air conditions is 226 mg/m® which is only a little
higher than that in the original conditions. By introducing the closing-to-wall air from the over
fire air on the side wall, the concentration of NOx in the bottom of the furnace increase
dramatically. However, the concentration of NOx is only slightly higher than that in the original
conditions as combustion continues. Therefore, it is also a very effective way to reduce the

corrosion of the furnace without considering the NOx emission.

4 Conclusions

To reduce the high temperature corrosion of water wall of side wall of 660 MW coal fired
boiler in a power plant, the scheme of slotting in the side wall was proposed. A numerical
investigation was performed to clarify the effect of anti-corrosion in detail by varying the
structure of slotting, gas velocity from nozzles and jet inclination angles. Through the
investigation of different working conditions in 660 MW opposed wall firing boiler, the

following conclusions could be drawn:

(2) In terms of influences of the structure and the layout, the coverage performance of O, with

narrow slots is better than that with square slots in the near side wall. A stagger arrangement
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of slots is better than in aligned arrangement. The more slots deployed, the better covered effect

of O, will be.

(2) In the case of constant slot configuration, the velocity of closing-to-wall air has a marked
effect on O> coverage in the near side wall. The greater velocity of gas injection, the better
effect of Oz coverage. Moreover, with the increase of the mainstream velocity, a greater gas jet
velocity will be required correspondingly. The required air volume will increase significantly

and the entrance of heavy cold air will easily affect the combustion process of the furnace.

(3) When the gas jet velocity is 6 m/s, the Oz coverage performance with gas inclination angle
30° is better than that with 0° at the bottom of the side wall. When the gas jet velocity is 4 m/s.
The angle increases with the horizontal direction, the performance of O2 coverage becomes

worse on the entire side wall.

(4) When the air volume ratio is 4.9 %, the optimum scheme can effectively reduce the area of
the corrosion zone. There is no significant change of burned carbon rate at the furnace outlet.
However, owing to the introduction of closing-to-wall air, the temperature of the furnace and

the NOx emissions are slightly increased.
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