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Fig. 1 Coal economizer feedwater bypass modification

principle and flow model diagram
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Fig.2 Coal economizer hot water recirculation modification

principle and flow model diagram
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modification principle and flow model diagram
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Fig.4 Schematic diagram of the whole flow model of 350 MW supercritical coal-fired boiler (before renovation)
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Tablel Function of pulverized coal combustion section module

Module Type Symbolic Function
MIX-W-C Mixer Mixer Mix pulverized coal, hot primary air, cold primary air
Chemometric . . . .
DRYER RStioc Simulate the process of pulverized coal drying
reactor
SEP1 Splitter SSplit Separate the dry pulverized coal and water vapor from the primary air mixture
. . . Based on the ultimate analysis of coal, decompose it into the elemental forms of C, H,, O,, N,
DECOMP Yield reactor RYield . . . R
S, and ash, simulate the pyrolysis process of pulverized coal
BOLIER Gibbs reactor RGibbs  Simulation of pulverized coal combustion process based on Gibbs free energy minimization principle
SEP2 Splitter SSplit Separate the flue gas and ash

A3 AT RG24 B 45 AR R B0 A B o B S
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Table 2 Function of the heat transfer section module

Module Type  Symbolic Function
Heat .
wWw Heater Simulate the heat exchange processes between flue gas and water wall
exchanger
ECON,
DINGPENG, . .
BAOQIANG Heat Simulate the heat exchange processes between flue gas and the economizer, the steam-cooled roof super-
, ea
. HeatX  heater, the steam-cooled wall superheater, the low-temperature superheater, the platen superheater, and
L-S-HEAT, exchanger K
) the high-temperature superheater
PINGSHI,
H-S-HEAT
L-R-HEAT, Heat HeatX Simulate the heat exchange processes between flue gas and the low-temperature reheater, as well as the
ea
H-R-HEAT exchanger high-temperature reheater
. . Separate feedwater from the economizer outlet into the water wall, the primary desuperheater, and the
W Splitter  FSplit
secondary desuperheater
Simulate the primary and secondary spray cooling of the superheater separately, and mix the primary cool-
W, 2]JW Mixer Mixer  ing water with the low-temperature superheater outlet steam, as well as the secondary cooling water with
the platen superheater outlet steam
. . Simulate the spray cooling of the reheater and mix the reheater cooling water with the outlet steam from the
RIW Mixer Mixer
low-temperature reheater
Simulate the tail heating surface double flue structure, the low-temperature superheater is arranged in paral-
FSPLIT1 Splitter  FSplit lel with the economizer and the low-temperature reheater, the flue gas is separated in proportion and
directed into the corresponding flues
Heat Simulate the SCR denitrification system and simplify the specific denitrification process, use the tempera-
ea
SCR h Heater  ture difference of the flue gas entering and exiting the SCR denitrification system to model the temperature
exchanger
& change of the flue gas after it enters the SCR denitrification
. . Separate the flue gas entering the air heater and perform heat exchange with the cold primary air and the
FSPLIT2 Splitter  FSplit . .
cold secondary air, respectively
AIRHEATI, Heat HeatX Simplify the air heater into two sections, and simulate the processes of flue gas heating the cold primary air
ea
AIRHEATZ2 exchanger and the cold secondary air, respectively
. . Mix the flue gas from the economizer and the low-temperature reheater outlet, and mix the flue gas from
MIX1,MIX2 Mixer Mixer . .
the two sections of the air heater outlet
F3 KMAFE SIS S TG TN BE
Table 3 New module functionality for the water-side regulation retrofit section
Module Type Symbolic Function
. . . Simulate the bypass flow control valves, where the bypass flow is separated from the main feedwater pipeline
GSPL-1  Splitter  FSplit . .
to enter both the economizer and the bypassline
GSPL-2 Mixer Mixer

Mix the feedwater from the economizer outlet with the bypass feedwater

Simulate the recirculation hot water flow control valves during dry state, where the feedwater from the econo-

ZXH-G-JW Splitter ~ FSplit  mizer outlet is returned to the economizer inlet according to the recirculation hot water ratio, other functions are
the same as those in Table 2-JW module
. . . Simulate the recirculation hot water flow control valves during wet state, where the hot water from the steam-
ZXH-S Splitter  FSplit . L . . . .
water separator downcomer is returned to the economizer inlet according to the recirculation hot water ratio
ZXH Mixer Mixer Mix main feedwater and recirculated hot water
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Fig. 5 Schematic diagram of 350 MW supercritical coal-fired boiler system
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Table 4 Main design parameters of 350 MW supercritical coal-fired boiler

Main steam  Main steam  Main steam  Reheater inlet Reheater inlet ~ Reheater Reheater Reheated Feedwater
Type flow rate/ tempera- pressure/ pressure/ tempera- outlet pres- outlet tem-  steam flow tempera-
(t-h™1) ture/C MPa MPa ture/C sure/ MPa  perature/’C  rate/(t+h™ ') ture/C
B-MCR 1200 571 25.50 5.09 332 4.90 569 965.17 288
BRL 1156.5 571 25.41 4.88 331 4.69 569 926.17 285

THA),175 MW (50% THA) =AM Fa5E fafap T 09

2.3 tEITR . ey N
’ B B 332 4T BCHRAE BB B A S

BL,MFE SR

B 70 MW (20% THA) , 105 MW (30% T2k 36 A 0 T 20 B RN T 2R 20 B B G0 2% 6 TR

x5 WIPMBIETHE
Table 5 Boiler field operation data

Main Main  Reheated Reheated | . Primary Secondary Feedwa- Feedwa- Feedwa-
Coal feed Total air- . .
air outlet air outlet ter tem- ter pres- ter flow

Inlet flue
gas tempera- Flue gas

steam steam steam steam .
Type quantity/  flow/ ture of the tempera-
tempera- pressure/ tempera- pressure/ 1 _,, tempera- tempera- perature/ sure/ rate/ . o
o o (t-h™")  (t*h™h) . - o 1+ SCRdenitri- ture/C
ture/°C MPa  ture/C MPa ture/°C ture/C C MPa (t-h )
fication/C
70 MW 5544 8.73 549.0 0.79 49.4 561 273 268 201.8 13.7 304.4 290.7 133.1
105 MW 559.2 8.79 557.0 1.23 66.8 557 284 280 220.5 10.5 332.3 310.2 142.3
175 MW 565.5 14.06 563.4 2.07 112.1 780 287 283 248.7 16.8 555.1 330.0 151.7

Fx6 HEWEMPILHHMTES W

Table 6 Proximate and ultimate analyses of test coal

Proximate analysis (ar) w/ % Ultimate analysis (ar) w/ %

Queo/ (kI kg )

M \Y% A FC C H O N S
28.90 29.27 7.63 19.06 50.57 2.17 9.80 0.47 0.46 17 750

- (20% THA) , 105 MW (30% THA) , 175 MW

3 WHEERE S (50% THA) = AN 58 T BB 0 B0 3732 17 B0

‘ T S i A 80 5 15 1 B R 4L B 5 B S
3.1 EEBIE o .
AR AT X LG, 25 SR 7 R

BT DL E R ER D A AR A AL 70 MW H 22 7T, 4 TR BB B0 5 B 5
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Table 7 Comparison of simulated flue gas data with measured flue gas data on site
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Boiler load Flue gas Volume fraction Volume fraction  Relative T . Measured Simulated Relative
oiler load emperature
composition (measured data)/ % (simulated data)/ % error/ % ! data/’C  data/’C  error/%
0, 12.2 11.5 5.7 Inlet flue gas temperature of
. . 290.7 289.8 0.3
CcO 0.3 0.3 0 SCR denitrification device
70 MW
CO, 8.2 9.2 12.2
Flue gas temperature 133.1 133.9 0.6
N, 79.3 79 0.4
o, 9.7 9.2 5.2 Inlet flue gas temperature of
P . 310.2 309.6 0.2
CcO 1.2 1.4 16.7 SCR denitrification device
105 MW
CO, 9.6 9.4 2.1
N Flue gas temperature 142.3 146.4 2.9
N, 79.5 80 0.6
0, 6.2 6.1 1.6 Inlet flue gas temperature of
. e . 330 329.2 0.2
CO 1.2 1.2 0 SCR denitrification device
175 MW
CO, 16.6 15.8 4.8
Flue gas temperature 151.7 155.7 2.6
N, 76 76.9 1.2
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Fig. 6 Effect of different bypass feedwater shares on the inlet

flue gas temperature of SCR denitrification device
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Investigation on the improvement of flue gas temperature in the inlet of

SCR reactor within wide load range for supercritical coal-fired boiler

based on water-side regulation method

TIAN Yongfeng'? ZHANG Pengwei’ LIU Liang"’ HE Jianle’ JIN Yan'
HUANG Zhong** LYU Junfu’ KE Xiwei™*

(1. College of Electrical and Power Engineering, Taiyuan University of Technology, 030024

Taiyuan, China; 2. Department of Energy and Power Engineering, Tsinghua University,
100084 Beijing, China; 3. Huadian Electric Power Research Institute Co. , Ltd. ,
310030 Hangzhou, China; 4. Shanxi Research Institute of Huairou
Laboratory, 030032 Taiyuan, China)

ABSTRACT The flue gas temperature at the exit of the economizer during low load operation

of thermal power units often deviates from the temperature window of SCR denitrification, leading to

a series of issues such as reduced denitrification efficiency. This phenomenon is commonly observed in

current coal-fired power plants. In this research, a full-flow model of a 350 MW supercritical coal-

fired boiler applicable to 20% —50% deep peaking conditions was established based on Aspen plus,

and the model was validated using field test data. Based on this model, three water-side regulation

techniques for wide-load denitrification efficiency improvement were studied: feedwater bypass, hot
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water recirculation, and composite hot water recirculation. The effects of each technique on the
increase in inlet flue gas temperature to the SCR denitrification device were analyzed. The results
show that under the composite hot water recirculation scheme, the maximum temperature rise of the
flue gas at the inlet of the SCR denitrification device reaches 33.5 “C (20% THA) and 35. 4 °C (30%
THA) in wet-mode operation and 28. 6 °C (50% THA) in dry-mode operation, respectively, demon-
strating a significantly better temperature enhancement effect compared to the other two water-side
regulation techniques. At a 20% THA load condition, the flue gas temperature at the inlet of the SCR
denitrification device increases to 323. 3 °C when the share of composite hot water recirculation reaches
80%. Among the three water-side control schemes, the composite hot water recirculation scheme can
ensure the safe and stable operation of the SCR denitrification system under the boiler’s 20% —50%
deep peaking regulation, and is significant for the control of low load NO, emission.

KEYWOEDS SCR denitrification, flue gas temperature, water-side regulation, process simu-
lation, supercritical boiler

HIGHLIGHT

Based on a supercritical coal-fired boiler, a full-process model of the supercritical boiler was con-
structed using Aspen plus to study the effects of three water-side regulation technologies on the inlet
flue gas temperature of the SCR denitrification device. The analysis delves into the effects on SCR
inlet flue gas temperature increase, the rise in flue gas temperature, and changes in flue gas heat loss.
It also considers the significant differences in flue gas temperature increase caused by varying recircula-
tion water extraction points during the transition between dry and wet states, providing valuable refer

ence for practical engineering modifications.
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