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Flue gas and steam deviation of the final reheater is an inevitable problem in the
tangentially fired boiler due to the remaining gas spinning at the furnace exit. An
in-house 1-D process simulation code coupled with comprehensive 3-D combus-
tion simulation was adopted to accurate investigate the characteristics of the flue
gas and steam maldistribution of the final reheater in a 600 MW supercritical tan-
gentially fired boiler. Firstly, the combustion simulation result was validated by the
in-house fire-side heat transfer calculation data, then the effect of boiler loads and
reversed separated overfire air (SOFA) deflection angles on the gas temperature
deviation, velocity deviation and outlet steam temperature of reheater were con-
ducted. The results showed that the deviation of flue gas temperature and velocity
increases as the boiler load decreases. The reversed SOFA deflection angle plays
a crucial role in improving the gas distribution under low loads, and the deviation
of flue gas temperature and velocity is the smallest when the angle is —18° under
100% boiler maximum continuous rating (BMCR), 75% and 50% turbine heat
acceptance (THA), but it is the smallest when the angle is —9° under 35% BMCR
load. Moreover, the maximum outlet steam temperature difference between par-
allel heating surfaces of the final reheater increases from 84.68-106.48 K as the
boiler load decreases from 100% BMCR to 75% THA, and it is mainly affected by
the flue gas temperature deviation rather than the mass-flow rate maldistribution
when the deflection angle changes from —9° to —18°.

Key words: coupled simulation, temperature and velocity deviation,
steam temperature maldistribution, reversed SOFA, different loads

Introduction

Renewable energy installation has been projected to grow rapidly in recent years due
to the program of carbon emissions reduction in China, but the increased ratio of renewable
energy generation caused several issues in the electrical power grid as its intermittent charac-
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teristics. Therefore, in order to ensure the stable and safe operation of power grid, most of the
conventional coal fired power generation has to participate into deep peak regulating operation
and the period of part loads operation significantly increased. Tangentially fired boilers have
been widely used in the power generation industry since the advantage of a well-fulfilled flame
in the furnace, high combustion efficiency, low NO, emissions, and good coal adaptability
[1-3]. However, the inherent gas spinning of tangential combustion system could cause gas
temperature and velocity deviation in the furnace exit, which is proved to be the reason of local
overheating and tube failure of the final reheater and the final superheater [4, 5], especially
when the boiler operate at part loads [6].

The issue of flue gas deviation and the measure to mitigate it have received wide-
spread attention, but the on-site test is difficult to provide complete data due to the size and
the complexity of the equipment [7]. Therefore, numerical methods have been widely adopted
to provide guidance for the practical process in recent years [8-12]. Xu et al. [13] numerical
studied and found that the remaining gas spinning was responsible for the gas temperature devi-
ation, as the different residence time and temperature of spinning upward flue gas on both sides
in the platen zone resulted in uneven heat transfer. Yin et al. [14] studied the gas temperature
deviation in a 609 MW boiler and concluded that the platen superheater could mitigate rather
than strengthen the deviation, since it could improve the uniformity of the flue gas velocity.
Yang et al. [15] believed that non-linearity high Reynolds number flow was prone to generate
asymmetrical distribution of velocity and temperature under BMCR condition.

Some measures have been carried out to mitigate the negative effects of the flue gas
deviation on the operation economy and safety in the tangentially fired boiler. He ef al. [16]
reported that tilting downward the overfire air jet can reduce the remaining gas spinning and
improve the mixing process between the primary air (PA) and secondary air (SA) flows. Zhou
et al. [17] conducted a numerical and experimental study, and found that opposing tangential
PA jets were able to reduce the imaginary circle diameter and the spinning momentum intensity
at the furnace exit in the large-scale tangentially fired boiler. Moreover, they reported that there
was an appropriate range of opposing tangential angles, and the reasonable changes of the fur-
nace arch structure and division platen superheaters arrangements could also play a role. Yan
et al. [18] found that wall tangentially fired system can generate a more uniform and symmetric
velocity distribution in the upper furnace, and reduce the flue gas temperature deviation at the
furnace exit. Chen et al. [19] reported that the arrangement of wall center tangentially fired
system shows the best uniform distribution of velocity, temperature, species concentration, and
heat fluxes of the furnace water-cooled wall. Li et al. [20] innovative proposed an annularly
combined multiple air-flows scheme, and compared with the conventional wall tangentially
fired system, the flue gas deviation and furnace fullness were obviously improved.

Air staging technology which is typically adopted as an effective way to reduce NO,
emissions [21, 22] can also mitigate the spinning intensity at furnace exit [5, 23-25]. Tian et al.
[26] found that tilting upward the main burners and SOFA nozzles are both useful to reduce the
spinning intensity in a 700 MW boiler, and the on-site experiment indicated that the combina-
tion of burner tilt angle of 11° and the SOFA tilt angle 10° can obtain an optimum mitigation
of steam temperature deviation. Liu et al. [25] reported that the deeper the air staging, the more
intense of the remaining gas spinning, and the greater thermal deviation of the final superheater.
Ping et al. [5] found that the air staging technology could cause the burnout delay of pulverized
coal particles, and the maldistribution of pulverized coal particles is responsible for the thermal
deviation of the final reheaters [27].
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All the aforementioned studies only focus on the temperature and velocity deviation
of flue gas, include the arrangement of burners, title angle of burner and air staging condition.
In fact, the local overheating is not only caused by the flue gas deviation, but also the unevenly
distribution of working fluid among the tubes of the heating surface [3], and the method com-
bined the flue gas side and fluid side can obtain more accurate analysis of thermal deviation.
Chen et al. [28] have already combined 3-D combustion simulation on the flue gas side with
1-D process simulation on the fluid side to analyze the thermal deviation. Akkinepally et al.
[29] adopted a 1-D and 3-D hybrid model to simulate the convective heat transfer in the boiler
tube. Yu et al. [30] coupled the 3-D combustion model and 1-D thermal hydraulic model to
consider the heat transfer on the flue gas and fluid sides, they found that 0.16% of the outer
surface of the final reheater exceed the limitation metal temperature when the SOFA tilt angle
increases from +20° to +30°. Norbert et al. [31] proposed numerical procedure to couple the
3-D flue gas side simulation with 1-D pipe flow model in the heat exchanger, and the numerical
method was used to optimize the reheater design to achieve uniform tube metal temperature.
In our previous work, the combustion simulation and the in-house hydrodynamics model were
combined to investigate the steam temperature and metal temperature of water-cooled wall
[32-34], and the results of combined model agree well with the in-situ data. These studies have
proven combined method to be a feasible and powerful tool for analyzing the thermal deviation
in tangentially fired boiler.

However, most of the previous studies only conducted the temperature and velocity
deviation of fire side, and the deflection angle of reversed SOFA on thermal deviation under
different loads especially part loads were also lack of enough attention and research. Therefore,
the 3-D combustion simulation coupled with in-house 1-D process simulation was adopted to
accurate analyze the effect of reversed SOFA deflection angle on the outlet steam temperature
and mass-flow rate of the final reheater in a 600 MW full-scale tangentially fired boiler in this
study.

Computational methodology
The tangentially fired boiler and cases set-up

A 600 MW supercritical tangentially fired boiler with a single furnace and deep
air-staging combustion system is studied. The structure of the boiler is displayed in fig. 1. The
height of the furnace is 63.75 m, with 18.816 m in width and 17.696 m in depth. Six levels of
LNCEFS burners with two layers of CCOFA nozzles and five layers of SOFA nozzles are located
at each corner to reduce NO, emissions, one layer of UFA nozzles is arranged at the bottom of
the burner. Furthermore, the nozzles of CFS is deviated 20° clockwise from the PA nozzles to
form a strong oxidizing atmosphere and protect the water-cooled wall from high temperature
corrosion, as shown in fig. 1(b). The yaw angle of the reversed SOFA nozzles can be horizon-
tally changed, but the UFA, SA, and CCOFA are fixed.

The calculation domains are shown in fig. 1(c). The horizontal planes P1 (¥'=25.46 m)
and P2 (¥ = 32.87 m) denotes the cross-sections of burners 4 and E, respectively. The P3 (Y =
40.00 m) is located in a horizontal plane with a height of 40 m and P4 (Y =44.10 m) is located
in the cross-section of SOFA-C. The exit of the furnace nose is marked as P5 (¥ = 56.35 m). In
the crossover pass, the vertical cross-sections Q1 (X'=10.24 m) and Q2 (X = 12.46 m) are located
in the entrance and exit of the platen superheater. In the horizontal pass, Q3 (X' = 15.94 m) rep-
resents the exit of the final reheater, and Q4 (X = 18.69 m), Q5 (X = 23.13 m) is, respectively
the entrance and exit of the final superheater.
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Figure 1. Schematic diagram of boiler
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In the present study, the influence of reversed tangential angle of SOFA on gas tem-
perature, velocity and steam deviation were researched under different loads. The main param-
eters under different SOFA deflection angle and boiler loads are listed in tab. 1, and different
layers of pulverized coal nozzles were on service. Cases 1-4 are set to explore the influence of
different loads on the maldistribution phenomenon, in which the yaw angle of SOFA nozzles is
fixed at 0°. Cases 5-12 are set with two SOFA deflection angles (—9°, —18°). Table 2 presents
the proximate and ultimate analysis of the coal fed to the boiler.

Table 1. Operation parameters for all the cases

Cases Load Coal feed rate | Reversed tangential Excess. air SA
[tone per hour] angle of SOFA, a coefficient | temperature [K]

Case 1 100% BMCR 240.0 0° 1.20 612
Case 2 75% THA 164.4 0° 1.33 579
Case 3 50% THA 113.0 0° 1.37 551
Case 4 35% BMCR 95.7 0° 1.47 540
Case 5 100% BMCR 240.0 -9° 1.20 612
Case 6 100% BMCR 240.0 —18° 1.20 612
Case 7 75% THA 164.4 -9° 1.33 579
Case 8 75% THA 164.4 -18° 1.33 579
Case 9 50% THA 113.0 —9° 1.37 551
Case 10 50% THA 113.0 —18° 1.37 551
Case 11 35% BMCR 95.7 -9° 1.47 540
Case 12 35% BMCR 95.7 -18° 1.47 540

Table 2. The proximate and ultimate analyses of coal sample

Proximate analysis [wt.%, as received] Ultimate analysis [wt.%, as received] LHV, [MJkg']
FC A \% M C H (0] N S
47.56 11.26 | 26.18 15.00 | 59.41 3.48 9.47 0.80 0.58 22.66
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Calculation and evaluation method

A commercial CFD software ANSYS FLUENT was used to carry out the 3-D simula-
tion of coal combustion. The SIMPLE algorithm was chosen to solve the time average conser-
vation equations for energy, mass, and momentum. The diameter distribution of the pulverized
coal followed Rosin-Rammler function with a mean diameter of 61 um, a minimum diameter of
1 pm, and a maximum diameter of 200 um. Realizable k-¢ model which is supposed to perform
better in the swirling flow is adopted to consider the high turbulence intensity characteristic of
the gas-flow pattern in the boiler [19, 35]. The near-wall treatment was considered by standard
wall functions. The process of coal devolatilization was modeled using two-competing-reaction
model, and the radiation heat transfer process was calculated by the discrete ordinates model.
Besides, finite-rate/eddy-dissipation was used to model the turbulence-chemistry interaction of
gas phase. The kinetic/diffusion surface reaction model was used to model the char particles
combustion [36]. Weighted-sum-of-gray-gases model was adopted to calculate absorption co-
efficients of the gas phase [28, 37].

The velocity and temperature distribution of flue gas are affected by multiple factors
such as PA rate, SA rate, nose structure and nozzles arrangement. In order to quantitatively de-
scribe the swirl strength, the spinning momentum intensity is introduced, which is represented
by v, and the definition of y is [25]:

R
w=2njpw2r2dr=@pa)2rdz4 (1)
0

In addition, £t and Ey are introduced to give a quantitative description of the tempera-
ture and velocity deviation of the flue gas [26, 38]:

T;we,l Vave,l
Er = N Ey = 7 ()
ave,r ave,r

As the ratio of two values, the closer £t and Ey are to 1, the closer the temperature and
velocity of the two half planes are.

The final reheater installed in the boiler is composed of parallel U-tubes and the steam
flow inside is superheated steam. The pressure drops due to gravity and acceleration of reheat
steam flow are both negligible in U-tube. Consequently, the single-phase pressure drop in a
single tube can be described [39]:

Ap = Ap; +Apj 3)
[ G*
Ap, = A——v 4
\P¢ d_ 2 4)
G2
Apj 257\/ (5)

The detailed description of the 1-D process model can be found in our previous work
[32-34].

On the basis of the thermal load, pressure drop, and the flow rate, the steam tempera-
ture could be obtained by enthalpy. The relation between 7, P, and 4:

T=f(P.h) (6)
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The coupled method is that, firstly, the amount of heat absorption on the heating sur-
face and the outlet temperature of the heating surface both were determined with the thermal
performance calculation software proposed by the present group and proved by many actual
projects. Next, the numerical simulation of combustion in the furnace was conducted with CFD
software, and the thermal performance calculation data was adopted to verify the numerical
model, then, the numerical models were used to simulate the combustion determine the heat
flux distribution of the heating surface under different loads. Subsequently, the hydrodynamic
calculation model was established and the heat flux distribution of the heating surface was ad-
opted to calculate the steam temperature of the heating surface. Finally, the results were used to
analyze the deviation characteristics of the heating surface.

Grid independent test

A grid independence test was carried out on Case 1 with four mesh systems of
1337476, 1752193, 2067250, and 2478099 hexahedral cells. Figure 2 shows the temperature
and velocity of different grid numbers on the centerlines along the depth Line 1 (Y = 25.459 m,
Z=-9.408 m, X = 0-17.696 m) in the PA-A cross-section and Line 2 (¥ =27.307 m, Z = -9.408
m, X = 0-17.696 m) in the PA-B cross-section. It is obvious that the computational results of
2067250 and 2478099 hexahedral cells are extremely close. Therefore, the mesh system of
2067250 was selected in the present work.
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Figure 2. The simulation results of four mesh systems

Results and discussion
Validation of numerical simulation

The simulated flue gas temperature was compared with the in-house heat transfer cal-
culation model of fire side [34] to validate the simulation models [40-42], and the temperature
comparison of several cross-sections including Q1-Q5 for Case 1 is indicated in fig. 3. It can
be seen that the simulation data show a good agreement with the in-house model value, and the
relative errors are within 8% on the whole. The deviation could be partly attributed to the in-
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0° under 100% BMCR load. It can be seen that ~ ‘™mPerature for Case
the temperature and velocity distribution are similar, and the tangentially imaginary circle is
formed, which is attributed to the arrangement of the nozzles of the tangentially fired system.
In the primary combustion zone, the air and pulverized coal mixture are injected into the fur-
nace and heated by the neighboring upstream high temperature flue gas, then the pulverized
coal experience devolatilization, ignition and combustion. Therefore, the clockwise tangential
circle is formed by the jets from four corners at the furnace center. Moreover, in the burnout
zone, SOFA is injected into the furnace with great momentum, which strengthen the spinning
momentum intensity. As a result, the remaining gas spinning is observable when the flue gas
reach furnace exit.
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Figure 4. Distribution of temperature and velocity in the furnace

Although the platens can weaken the remaining gas spinning flow to some extent, the
non-uniformity of gas temperature and velocity caused by swirl flow is still considerable in the
horizontal flue pass where the final reheater is installed. Figure 5 shows the distributions of flue
gas velocity and temperature of the flue gas inlet of the final reheater (Q2 plane). The dimen-
sionless number Y/Y, and Z/Z, is defined to illustrate the change of location along height and
width of horizontal pass, respectively. In details, the relative height Y/Y, is defined as the ratio
of the height of the point to the horizontal pass height, and the relative width Z/Z, represents the
location of the point along the horizontal direction. As it can be seen, flue gas velocity tends to
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be uniform as the increase of /Y, and the gas temperature shows the same trend. The flue gas
velocity on the left side is obviously higher than that on the right side as Y/Y; increases from
0.2-0.68, especially in the lower area, but the velocity on the right side exceeds the value of the
left side when Y/Y, is equal to 0.84. In addition, the lowest temperature and velocity both appear
in the right bottom area.

Figure 5. Distribution of flue gas velocity and temperature in Q2 along Y/Y, and Z/Z,

The temperature and velocity deviation under different loads

Figure 6 shows temperature distribution and streamlines in vertical planes about 0.5 m
away from the left and right wall at the upper furnace under different loads. It can be seen that
there is significant difference between the left and right planes under all the four loads, and the
low temperature area appears at the lower right corner of the horizontal pass. The reason is that,
the clockwise swirling flue gas changes its direction the horizontal pass when it flows out of
the furnace, the flue gas near the left side directly flows to the horizontal pass under the guid-
ance of division superheater and platen superheater. The flue gas temperature maintains high,

Figure 6. Temperature distribution and streamlines in vertical cross-sections
next to the left wall and right wall in the upper furnace
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the path distance and residence time of this part
flue gas is short, thus the heat exchange with the
division superheater and platen superheater is 0.71
insufficient. But the flue gas near the right side
tends to flow to the front wall first, then change
its direction upward as the restriction of front
wall, finally, the flue gas-flow backward to the
horizontal pass as the restriction of furnace roof.
Therefore, the gas trajectory near the right side
presents C-shape. Moreover, there is a re-circu-
lation zone generates near the junction of the
front wall and the furnace roof and the lower
right area of the horizontal flue pass, respec-
tively. Besides, the flue gas velocity and tem-
perature are relatively low in this area, and the
re-circulation zone expands with the decrease of
boiler load, since the mass-flow rate decreases 034
and consequently the furnace fullness decreases
as the decrease of the boiler load. ‘ . : .
Figure 7 shows the distribution of spin- 0 . 50000 100000 159:)03} [N20]0000
. . . : pinning momentum intensity, m
?ﬁg%ﬁgg?;%g;fsnii}? Il/)/}rf:r?sgicfﬂfe}sl:l}%gzgﬁf Figure 7. Di§tribufion of calculating spinning
R ; . momentum intensity along H/H, for Cases 1-4
HJ/H, indicates the altitude ratio of the calculat-
ing plane to the boiler total height. As can be seen from fig. 7, w shows similar trends for Cases
1-4. For all the cases, y is high in the primary combustion zone and burnout zone, especially
the layers of burner nozzles and SOFA nozzles since the air injected into the furnace from these
nozzles. But y falls off and maintains at a relatively low level in the reduction zone owing to
no addition of PA or SA, and the spinning value decreases sharply after the SOFA injected into
the furnace. Moreover, y is 22 196 Nm, 13 596 Nm, 6 611 Nm, and 3 068 Nm for Cases 1-4 at
the furnace exit, which means the fewer the burners are on service, the lower the remaining gas
spinning momentum intensity.
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The influence of reversed SOFA

The characteristics of the flue gas distribution

Reversed SOFA is superior to reversed PA and auxiliary air since the former has little
effect on the flow field and the ignition of pulverized coal in the furnace. Therefore, the SOFA
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nozzles, which are arranged close to each other, can be adopted to weaken the gas spinning
momentum intensity. Figure 9 illustrates the spinning momentum intensity of all the cases. It
can be seen that the spinning momentum intensity of the furnace exit decreases as the deflection
angle of SOFA decreased, and it has little effect on the primary combustion zone. Moreover,
there is no significant difference at the furnace exit when the deflection angle, a, changes from
—9° to —18° under 35% BMCR, which means that the method of reversed tangential SOFA may
not work under extremely low load, although it has a strong effect on the attenuation of the gas
spinning intensity under full load.
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Figure 9. Distribution of calculating spinning momentum intensity
along H/H, at different loads and different deflection angle

Figure 10 shows the streamlines in horizontal plane P4 and P5 under 100% and 35%
BMCR load. As can be seen in fig. 10(a), the diameter of the tangential circle in the center
formed by clockwise spinning flue gas gradually decreases as the increase of a. The reason is
that the reversed SOFA slowed down the velocity of flue gas-flow. In other words, the non-uni-
form distributed flue gas at the furnace exit could be alleviated by setting a deflection angle of
SOFA. However, changing the reversed SOFA deflection angles is not work at the low load.
Figures 10(b) and 10(c) show the streamlines in P4 and PS5, which reveals the gas-flow condi-
tion in the burnout zone and the furnace exit under 35% BMCR, respectively. It can be seen that
the original flue gas distribution in the burnout zone under low load forms a tangential circle
with a small diameter, but when the deflection angle of SOFA is —18°, the flue gas changes its
spinning direction and the reversed spinning momentum intensity is even strengthened in P5,
since the spinning momentum intensity is weak and the spinning direction is relatively easy to
be changed by the injection of SOFA under 35% BMCR load. Therefore, it can be inferred that
if a exceeds —18°, the gas spinning momentum intensity will be more intense, which means
there is a proper range of reversed tangential angle of SOFA to mitigate the remaining gas spin-
ning, particularly under low loads, and the most appropriate value of a should be in the range
of —9° to —18° under 35% BMCR in this study.
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Figure 10. Streamlines at different loads and different

Figure 11 shows the results of Er and Ey of the vertical plane Q2 for all the conditions.
It can be seen that E; and Ey decrease with the increase of o, and the decrease rate increase
with the decrease of the boiler load. For instance, when a changes from 0° to —18°, Er reduces
by 0.08 under 100% BMCR while by 0.312 under 35% BMCR, which demonstrates that the
reversed SOFA plays a more crucial role under low loads. Whereas, it should be emphasized
that Ey and Er are far below 1 in Case 12, which means the spinning momentum intensity of the
gas is strengthened by the reversed trend. Hence, the remaining gas spinning reveals a reversed
trend at a low load, since the gas temperature and velocity on the left are significantly lower
than those on the right in the entrance of the final reheater.
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Figure 11. Deviation coefficient of Q2 for all the cases

The appearance of the reheat steam

As an effective method to mitigate the non-uniformity of the gas temperature and gas
velocity, reversed tangential SOFA can improve the distribution of steam flow rate and outlet
temperature. Figure 12 illustrate the maximum differences in steam temperature and flow rate,
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and both of them significant decrease as o changes from 0° to —18° in almost all of the cases, ex-
cept for Case 12 which operates at 35% BMCR. In Case 12, the high temperature flue gas leans
to the right side rather than the left side which is different from the other 11 cases. What is more,
the mass-flow rate of reheat steam decreases with the decrease of the boiler load, which ag-
gravates the outlet steam temperature difference. The maximum steam temperature difference
appeared under Case 12 proves that the optimize range of a under 35% BMCR is between —9°
and —18°. Moreover, it is apparent that the flow rate difference significantly decreased when o
change from —9° to —18°, which represents that the deflection angle of SOFA with a moderate
value is sufficient to improve the steam flow distribution, and it can be concluded that the flue
gas temperature deviation rather than the mass-flow rate distribution of the steam is the main
reason for the steam temperature difference when « varies from —9° to —18°.
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Figure 12. Maximum temperature and flow rate differences
of the reheat steam for all the cases

Conclusions

In this study, a validated coupled numerical simulation model was adopted to investi-
gate the impact of reversed SOFA deflection angle on flue gas and steam deviation under differ-
ent loads in a 600 MW supercritical tangentially fired boiler with a deep air-staging combustion
system. The impact of boiler load and reversed SOFA deflection angle on the gas temperature
and velocity deviation at the inlet cross-section of the final reheater was discussed, then the
steam temperature difference and steam flow rate difference of the final reheater was studied.
Based on the simulation results, the following conclusions could be drawn.

The spinning momentum intensity decreases as the decrease of the boiler load. On
the contrary, Er rises from 1.082-1.151, and Ey rises from 1.212-1.622 when the boiler load
changes from 100% BMCR to 35% BMCR.

The reversed SOFA is effective in mitigating the maldistribution of the gas tempera-
ture and gas velocity under most loads, but it may not work when the deflection angle is big
enough under low loads, since Er and Ey are far below 1 when the deflection angle is —18°
under 35% BMCR. The most appropriate value of a should be in the range of —9° to —18° under
35% BMCR load.

The steam outlet temperature difference is mainly affected by the flue gas deviation,
since the maximum difference of the outlet temperature increases from 84.68-106.48 K as the
boiler load decreases from 100% BMCR to 75% THA, but the flow rate difference falls much
less when o changes from —9° to —18°.
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Nomenclature
d — diameter, [m] Subscripts
E —deviation CQGPﬁClentaz [—I] ave — area-weighted average
G —mass velocity, [lfgm 5] f — friction resistance
h  —enthalpy, [kJkg™'] in — tube inner
| —tube length, [m] j —local resistance
p —pressure, [MPa] 1 —left half of the plane
R —equivalent radius, [m] r —right half of the plane
r —rotating radius, [m] T - temperature
T —fluid temperature, [K] V - velocity
V' — gas velocity, [ms™]
Acronyms

Greek symbols

BMCR - boiler maximum continuous rating
CCOFA — close-coupled overfire air

1 (o}

Z _ iloesilectlon angles, [7] CFS  — concentric firing system

v — specific volume of medium, [m’kg '] LNCEFS - low-NOx concentric firing system

p —flue gas density, [kgm™] PA ~primary air

® —tangential velocity, [ms™'] SA — secondary air

A —heat conductivity coefficient, [Wm'K™'] SH — superheathers )

¢ —local resistance coefficient, [—] f{%FA - f:ﬁ:;?:g overfire air

w — spinning momentum intensity, [Nm] THA - turbine heat acceptance

UFA  —under-fire air
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