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Abstract: [Objective] To address the issues of low reheated steam temperature and local overheating of platen
superheaters (PSH) during low-load operation of a 660 MW ultra-supercritical tangentially fired once-reheat boiler,
this study proposed a wall-mounted flue gas recirculation (FGR) arrangement in the burner region. The aim was to
synergistically raise reheated steam temperature and suppress PSH overheating while maintaining combustion
stability. [Methods] Numerical simulation was performed at 40% rated load to optimize the proposed layout. First,
the baseline case and corner-mounted and wall-mounted concentrated FGR arrangements were compared.
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Subsequently, the feasibility of wall-mounted grouped injection was investigated. [Results] The results indicated
that: corner-mounted FGR significantly increased the ignition distance of pulverized coal jets, which adversely
affected low-load combustion stability. Both fire-side and rear-side concentrated FGR increased the heat absorption
of the high-temperature reheater, but neither could simultaneously mitigate PSH local overheating. Fire-side
grouped FGR substantially enhanced heat absorption of the reheater but still carried a risk of PSH overheating,
whereas rear-side grouped FGR reduced the overheating risk but yielded only limited reheater improvement. A
combined grouped arrangement, in which flue gas was injected through the two lower layers on the fire-side wall
together with the upper layer on the rear-side wall, increased the heat absorption of the reheater by 18.9%, effectively
mitigated local overheating of the PSH, and maintained stable combustion. [Conclusion] These findings provide
design and optimization references for safe, flexible, and efficient boiler operation across wide load ranges in next-
generation coal-fired power plants.
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Fig.1 Schematic diagram of the boiler model and burner arrangement
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Tab.1 Proximate and ultimate analysis of the coal

Tk o4 wi% TCER T W%
Qnet.ar/(M\] kg’l)
Mar Var FCar Aar Car Oar Nar Sar
23.90 23.45 26.66 25.99 36.04 9.60 0.55 1.08 13.47

% 2 100%FAE AR A% EATHEREITEH
Tab.2 Main operating parameters of the unit at 100% load and 40% load

i H 100%%51 52 61 17 A0%Z51 5 1 7o
TARBRERZE/(kg 57 567.59 279.83
— KRR IR (kg 571 181.43 97.32
SOFA Rt F i #/(kg s71) 175.95 78.35
Hofth =R E i % (kg 578 187.50 92.97
TR R (kg 57Y) 22.70 11.19
TGRSR =R 2R (kg 57Y) 59
— YRR FEIK 338.15 338.15
TR BEIK 621.15 591.15
TR IREEIK 300 300
TGP R BEIK 623.15
it CYilN A/BIC/D/IE A/BIC
LG B R (kg 57Y) 16.09 11.61
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Fig.2 Mesh generation for the furnace
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before optimization
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Fig.4 Schematic diagram of the optimized flue gas

recirculation layout scheme
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Tab.4 Comparison between the experimental data and the
simulation results

TiH R H RN xR ZE
O2 R A 53 %1% 3.13 3.23 3.19%
NO Jii 53 E/(mg m2) 125.87 118.87 5.56%

http://rifd.cbpt.cnki.net

ERSERRIZITSE SRR R, AR
S LRI B R B kIR SR R R A B AR L
660 MW Y #1 D1 [ S 0 (1) S B R e
3.2 40%ENE Safar & 4 MRS BAEI 5 RaJte

551 6 Hh 40%8E f g T G AS R IEFE Ll
T 4 RS TG 7 R 1) C ERRe 2 AT IR 5 3% 7y
AR H AR R 5051 N PRSI N
623.15 K, Al T B R Gea i, IRl b St A < P
TEIR G, 4 Fhos 58 EBRIX I il DX AR 48 Tk




% 6 #

R A 5 660 MW kS Im 7 VYA O 15 B b R T A A 5 A 7 A i A A 169

/Ny THA40-A 5 THAAL0-B i i35 K BE 5 35 18
I, BB AL, IXZ R R AR
SEMEAFAEAFIFZN ;T THA40-C 5 THA40-D L
I KB B TE I AL, ERRIIE S A 20

Y/m

0 5 10 15 20 0 5

MTRESERATAT PR AT, #R A A B J5 A B
ACEHEIAE L, F R DU A R GE A A AT O
&, SHBEIEAER; 1 C. D Jr RIWTH T
Tt ,

To TR R Lo R e 1 2 HEAT KRR 25

10 15 20 0 5 10 15 20

X/m X/m X/m
a) THA40 b) THA40-A ¢)THA40-B
T/K
1800
1600
g 1400
= 1200
1000
800
600
! - N 400
0 5 10 15 20 0 5 10 15 20
X/m X/m

d) THA40-C e) THA40-D

&l 6 40%% E f2 1 RAH S BRI TR C BRARRIEE
Fig.6 Temperature fields of burner layer-C at 40% rated load and with flue gas recirculation

K7 250 7 40%HUE UG R AEIEA L FIREEONTE Y, MIMEER T R iR . e
J C. D2 FhEMEM T ZAEPAMACF BTG THA40-D TUL N, GBI s nsEh
Aol BB 7 AT, THA40-C Tl kA IR, R RBEHZCRAR, A
AR et X T AR B T T PRI R 2 e R s A S2 A R AR A AT oL i B AT
REZAR T RS AR IZ T BRI

20
T/K

1150
1100
1050
1000
950
900
850
800

0 5 10 15
X/m X/m X/m

a) THA40 b) THA40-C c¢) THA40-D

&l 7 40% i E S2 1o RAE S BEIR C. D A RINEAKFERES
Fig.7 The horizontal temperature fields of the furnace arch for the C and D schemes at 40% rated load and with flue gas
recirculation
iy 5 52 FAVTHD S B R B B 0 R A R

Qconv = n (Q| _Qrad i) (2)
() 5 R Q)BT 2 '

i Qz AIZRAY S I A BRI E s Qoony N1IZK

= ) 1
©: ;Q . TR I BRI Qi MIZERIE PSR | %2

http://rlfd.cbpt.cnki.net




170 #AH%

2026 4

PN AR Qraai AIZRBLHRER | A2 AT 1)
SRS A

S5 8 40%%EE i FAEHE TOLK C. D
T3 G 52 BT 1 S IR v 5 0T R B 2 A AR AT
H: AR IAEEZERE, BTSRRI SIS
TEEARTH M A KGR, S i~ S50 B A
R GRFE IR GG, E T IE R SR R T R
S, ISR ER G AR A AEXTRR
YR, RIS AR IR AR IO R AR
FHACT R Tl Big S . X2 RS 6
IRBEFE R T i FARS . R S DX 5 I 4
b b, SO T B PR S IR AR, AR
AR BT LA AR IR X ) S A SR B, AL
e R B HGR EHEHES) 7R R RS

35r

B THA40

3.0

SRR/ (X105 W)
—_ —_— (=] 2
=) nw o

<
w

0

TEY

T2
ST

K9 2L T 40%6HE fifif R AEMET ALK C. D
7 SR T EROE IS 1 2 1 v R A A A i
WL Ai: C Iy B AT E T R K MAPhs, 4 4w
IS R AR O0 2R B B RN, Sk
TRULIIIER IR AR D U7 SR R E AT KM,
M H P AR RO P B R e e g 1, 5T
B wibpuin gy ey Vi) o W) S (2R
F/NELEDSIR BT TR, B Y A7 A e R A
SR IR E A SN, 3 R R 3 52 A /e
AR AT, BARR IR R ARG A
PO 223G K. HIE AT, R SR AR S B IR
A S Z2 BRI DRIGAE SNG4
BRI, TR D R AR s s, 8 G
WA .

4.0-

B THA40

AT B/ (X T10TW)
— —_ [
5 b =

e
n

0 2

1 i

LY ET
b) 978 W 4 B 5

8 40%ENE T RS B/EIS C. D A REZAERAE XL
Fig.8 The heat absorption of each surface at 40% rated load and with flue gas recirculation for schemes C and D

Y/m

X/m X/m

a) THA40

b) THA40-C

X/m
¢) THA40-D

9 A0NFE S RS EIEIS C. D ARE 1 BERSE OEEHIEE RLZ&E
Fig.9 Streamline diagrams of velocity of the first layer of flue gas nozzles at 40% rated load and with flue gas recirculation
schemes C and D

MRV, C J7 AL D J7 &g
i AR UL IS OB AR, A BT i o s
5 10 R FSER IR, 1P AL 1T D 75 ST AE — e R LA 5
FARMIBE R R, AR BE DAL E

http://rlfd.cbpt.cnki.net

I, ARAHRE . EE AT RS, IXRT
I JHAE DX 35k 52 T P G RE S O A (RIS
C. D &R TR . w0 S
PRI, B SIS AR SR AT SE L




% 6

R A& 55 660 MW IR 5 DY A D5 R b 08 AR A 5 A T SRR B A 171

RIS . 256 LR, Jagthihdr vl Hem
C. D HEMEARME, BkN: CHEF)E LA
BREE A 2 (s 1, D 7 HF | Lalbeds L7
5

WRIEER 2 FIRESEERE, 5 NEHFIER
Ja, —IKA. SOFA K. 4 = A FEIE IR S
B0 E B E R 28.70%. 27.40%. 23.12%.
17.40%. 7] L, MR AR AR 2 TR 4R A BN (1) F
PEIRMR S 7 B, HHEAmE O 5 R 7 ERRIX R
SR, Xa ke RErE A [, 3 2
A VT B 7 1) B AT BE AW /)N, 5 72 T B 7 17) )
WA C 7 &5 D 7 ERImE O, £ 5 1
EHRAR S KA TIBIR, K0 R 3E
EMA.
3.3 40%EE S T M S BEIR 4B 5 B Xttt

H TR NFIE IS5 5 K RS &
GLE SRR e M 1), HE— DR T A
B EETE BN AR 2 A B E B,
351
3.0

B THA40
THA40-C' 234

THA40-D' 234
25 [ THA40-C’ 12-D' 3
2.0
1.5

1.0

B HE(K 10° W)

0.5

S YIIESE
a) b A R AL

HAE FABRRERS oy HAEmE O, SERL IR S
SEEIN, AR BRI A SRR
TR, BT REUEAT IR #E . 40%
BSE ST SRR PE 40 21 5 B % S BT AR
XFEL AP 10 . HiE 10 A4, 7E 40%4E B
N SRS FE 5 477 A5 S ANH IR A R
AT : X T THA40-C'234 T, o i W A e [
TRiw 2, XRZMT CH A, S-SRI
e A IR T BB RO, I 55 T KA BE (14
SRR s AR, AUAE T R R A
N, ARSI, R A R 1)
TR AR R, 3 (P [F A P X /KT A
P e P AR IR AL IR T B R E .
THR, i s iR f AR s I R 38 15 3
AR T, IO R U B AR N AL ) B B
S AEBE AU AR AR T T 12.2%, M2 HTkE
FF T AL T T AR i, 5y 3 BT 3 #AER 2 AT
JR3 R PR XU o

40
3.50 %
3.0
2.5
2.0
1.5
1.0

0.5
0 .

THA40

THA40-C’' 234

- THA40-D' 234
THA40-C"12-D' 3

Hob 3 AR (X107 W)

A R A
52 I 25 Y
b on i T A B 4

& 10 40% % E A RIE S BRI AH R ESHRERKREITEL
Fig.10 The heat absorption of each heat transfer surface at 40% rated load and with flue gas recirculation grouping schemes

X T THA40-D'234 T4, i 5 il o #4481
MR AERFFEARE, HET DT RBAM 3 E
PR AR R T HIIER, XX AR E EAT
BRSNS, 15 K AaE A T s R IX
1, BARME 11 . T T, EiR g
HIET T 6.9%, HIEIE(LT THA40-C'234 T,
{EAREAE — B FE T oSG AGRIRAS 2 i, H
B O A R AR B2 TR, T R AR I SZ B
e S U 1) ) A

% THA40-C'234 L5560 P HR IR FE T+ 3802R
B, ABAFAE IR BE I P R R R () P UK
M THA40-D'234 T3 B Be 4z fift i =Xk #4288 =) 350
W, ZI0 FRRIR PSR E A IR, BRI A S —

http://rlfd.cbpt.cnki.net

P C'5 D EMAE TN, Rl THA40-C'12-D'3,
ZLOUR, WS AR A TR, bl AER
WA S PRAIG, RN iR s 5 R A
R I AR TR RSO B R, S T B i #h B A2 4
TH] =3 350 I ) 0 P AR AN ) L B R A

Kl 12a) I 40%%0E f A I AN [FHE S P0G 20
a3 2077 S BT R AR KT TR IR 2R o AT R AE . EH
Bl 12 w1, RGN R A B SR T THA40
L, SMEELRTHEIEER. x 7R 10~15m H
y J7A 0~15 m fIIXIE, ZIXIiE R, R
SE W RER A % . THA40-C'234 TR, C'H
FIFEE 2. 3. 4 20, BIAK 3 EFEHRNES
R ITW—8, Rl TR AR,




172 kAt R 2026 4%

S BT I AT TP DO VG A BT R e
FETR AR I3 9 2 06 B AR IR IS T = LR A R 2
M S, THA40-D'234 T IF i DT R RIS 2.
3 4 EWE, WA 7 S AR R
FEC B I 55 e % (0 4E L, 545 4 e A 1 T ) e e ik R
BF S OB S5, R A g o X ek i T AR R 3 R

Bl 12D) i 7~ 6f B 0 37 0 £ KT T PRI 2 3 53
i . 7] W, THA40-C'234. THA40-D'234 L)}z THA40-

Y/m
Y/m

0 20
X/m X/m

C'12-D'3 LT, waiit IX 3u5t5) S AN [FI R P R 4 i
#, EEE 10 2R E R A, THA40-
C'234 .5 EAEBEARIR FA S e A ) T2 = T AR
WeRE, (RATIEMP IR B BOYE I iR X, L
P B AR (1 e i e AR S s B, R R bR =X
T AR R R R ) 1) s 52 AH LG, THA40-D'234 T
BT il X AR R 25 4N, A BT G S BT IR
MR

70
60 T/K
1300
50 1600
1300
g 40 1300
& 1700
30 1000
900
800
20 700
600
500
10 400

0 20 0 20

X/m X/m

a) THA40 b) THA40-C'234 ¢) THA40-D'234 d) THA40-C'12-D’'3

& 11 40%%iE S1 a1 MR S BAEIF 92 4R 75 RAPPE B R B 17
Fig.11 Temperature fields of the furnace longitudinal section at 40% rated load and with flue gas recirculation grouping

schemes
THA40 - THA40-C'234 THA40-D’'234 - THA40-C'12-D’3
=1 = i [iF Sac)
‘; IJ:E[/(m s )
= 8
= & §
\X‘/ & 5
Z % 1
= 3
2 2
=~ 1
=
% 0
a) M P IR O Al
THA40 THA40-C'234 THA40-D'234 THA40-C'12-D’3
20 20 i
1150
15 1100
1050
1000
=
E10 950
850
800

wn

b) i %

& 12 40%FE St KB S BIEM A RiTaAK T EERES. BES
Fig.12 The horizontal velocity fields and temperature fields of the furnace arch at 40% rated load and with flue gas
recirculation group schemes

http://rlfd.cbpt.cnki.net




56

R A& 55 660 MW IR 5 DY A D5 R b 08 AR A 5 A T SRR B A 173

K 13 %f kL 7 THA40-C'12-D'3 T, 5 s oA e v
T4 THA40 1) C JZ ke dsin gy . B 13 w4,
K H THA40-C'12-D'3 Tt (RS FHAE 3R 51 N7 5,
HoK @G KR B 5 FE U TR, e iR 3
ARIMARRRRE, Ui T A R RS s = AR
AFIFZ I
20 \

T/K

A\ g

e \ = \ 1700
f N : : g 2 " " f 600
0 510 15 20 0 5 10 15 20 I;gg
X/m X/m

a) THA40

b) THA40-C"12-D’ 3

13 RABEEARERKREETR C BRER[EET
Fig.13 The temperature fields of the layer C burners in the
final combined scheme and the original reference condition

ZEA Ml &, THA40-C'12-D'3 T 3f B
C'234 5 D234 THMEARMLH . WE 12 77 I,
Z LU0 N T4 A KT THT IR s Y X 380 k2l T
FEWS I 98 J5 TRl (R4 A SR 50, IR FERSFERR AR, 1X
1543 57 0 FAES & S IATH W Bk T35, R P4
& T R0 B XU, FLAR R R e s A A

AR
44 i

AR R 660 MW R I 509 1 D15 — kR
AR I TEAR A7 I8 4T B R IR AR A S BE
ik A SR BRI ) B, $E T RS XIS
TEREEAXA B IE, BT FEfE IR 0] IR
MRletaE, WAL RN,

1) 1E 40%% i Fff JoHH SRR S AE T,
H AR R ER X R B B e ik 4y, SRR
A I3 0 5 2k A28 e R XU . 5 NS
BN, W BRI iR X VE e, X
B, R AR S AR A AT, B
B T SRR AR S Aer T ) F AR VAR AN 2 )

2) JEAmE A B U, I ) kA
INBAA, o] LAGAA B JR e, (0T v T4
PR E T AR, 4 THIRFEAY 5.7%; 1@ kM
W5 NIRA, 0 e i P # 28 T #EE PE TH FE OA
20.9%, RCREE, (HAge 0B iR 0 i .

3D MR I A AR E 7 20T, 38 g A

http://rifd.cbpt.cnki.net

FINH AT DL 25 $R T A R A e, (B PR Bl e e
FRAIE 58 SR A i XK SR K 5]
TR, AT REAR SR I RIS Sy B R (EDX v
PRSI AEIRTT A IR, R 2> PR AR i e 2 1
e

4) KA I S R R
LA TT SR, AT 1 K57 kA 7 A B
W, —IT AR T R S e A,
PR NS, R AR IR 53—
TS e T AR I AV I T 18.99%,  JFZRAR T BRI
JHR R RS, W DR TR beRE e, B REFI
IR

[& % 3 ]

(1] @206, #0504, Eal, 5. “XUR” Hix b eelifs

16 5 R L 22 E) @[], o E R R4, 2025, 39(3):
474-488.
JIN Hongguang, GUO Liejin, XUAN Yimin, et al. The
energy conversion and utilization of scientific problems
for achieving “Dual Carbon” goal[J]. Bulletin of National
Natural Science Foundation of China, 2025, 39(3): 474-
488.

(2] RWg2E, AB, 712, % Bin A HIA R 20% 5 7R

Ve 7K Bl 3 S Al B B AT 0], A D kL, 2021,
50(4): 59-66.
WU Pengju, ZHU Chao, WAN Li, et al. Actual furnace
test research on hydrodynamics of a supercritical boiler at
20% deep peak load[J]. Thermal Power Generation, 2021,
50(4): 59-66.

(3] WHPH, 75, A%, 45, B#im St 1 000 MW HLAHXL

DI o 3 P BRI T E R[], Ak H,
2020, 49(3): 107-112.
HU Qingwei, SU Sheng, XIANG Jun, et al. Research on
main and reheat steam temperature lifting method for ultra
supercritical 1 000 MW unit double-tangential circular
boiler[J]. Thermal Power Generation, 2020, 49(3): 107-
112.

(4] FB¥K, #RAR. MHCFRAE A0 8 0 VT T 8 B I AL [9].
i3k R T2, 2024, 40(4): 35-36.

GUO Zheng, GUO Sen. Research on the adjustment of
boiler steam temperature by flue gas recirculation[J].
Power System Engineering, 2024, 40(4): 35-36.

[5] PMREL, BAEGE, FZ4ET, 5 AR AT =0

1000 MW i It 5 — IR P B2 M [T). #ABESh
JITAE, 2019, 34(5): 49-56.
SUN Junwei, DAI Weibao, YAN Weiping, et al. Influence
of different flue gas recirculation schemes on 1 000 MW
ultra-supercritical double reheat boiler[J]. Journal of
Engineering for Thermal Energy and Power, 2019, 34(5):
49-56.

(6] #2, B4k, FNEN, 5 OGN 660 MW —

U IR S B ). P E AL TR R,
2018, 38(4): 1101-1110.
GUO Xin, ZHAO Guangbo, SUN Zhihao, et al. Effect of
recirculated flue gas on steam parameters of 660 MW
double reheat boiler[J]. Proceedings of the CSEE, 2018,
38(4): 1101-1110.




174

kAL

2026 4=

[7]

(8]

[9]

[10]

oK, SER, WAEGE, SE. AT 1000 MW
I T IR PR BRI IR R (3] 3070 LAR SR
2019, 39(8): 611-617.

LI Yongsheng, CAI Pei, DAI Weibao, et al. Influence of
flue gas recirculation on the combustion of a 1 000 MW
ultra-supercritical double reheat boiler[J]. Journal of
Chinese Society of Power Engineering, 2019, 39(8):
611-617.

HE W, PN, PR, S ORAIEERRX 660 MW
TR TS S RS R B P S R A AL
FU[I]. P E E LR SAR, 2023, 43(18): 7150-7160
DONG Lingxiao, YAO Qiaopeng, JIN Xiaoling, et al.
Numerical study on effects of flue gas recirculation on
combustion and heat transfer characteristics in 660 MW
double-reheat tower-type boiler[J]. Proceedings of the
CSEE, 2023, 43(18): 7150-7160.

RN, EYEE, SYl, % R ERE SR RS
B A of A i v FEE 7 [ 4 BB R D). #R TR R, 2018,
47(12): 128-133.

LI Chaofan, YAN Weiping, MA Kai, et al. Effect of flue
gas recirculation on heat transfer along height direction of
the double-reheat tower boiler furnace[J]. Thermal Power
Generation, 2018, 47(12): 128-133.

FRE, xBTS, BREE, SE. A E ARSNGB XY
1 000 MW i Il 54 b S i () B B AADLATT A [T A
Bk, 2023, 46(4): 77-84.

ZHOU Ke, LIU Mingyu, CHEN Feng, et al. Numerical
simulation study on effects of recirculating flue gas
introduction position on 1 000 MW ultra-supercritical
boiler[J]. Coal Conversion, 2023, 46(4): 77-84.

[11]

[12]

[13]

[14]

[15]

[16]

http://rifd.cbpt.cnki.net

ST, FREEF, ARER, 5. FET IR R AR
B AR AT NOKIZEHI[I]. & HEHOR, 2024, 30038 T
2): 618-626.

LIU Wensheng, ZHENG Jianping, ZOU Yufeng, et al.
Ultra-low load NOx control of coal-fired boiler based on
flue gas recirculation[J]. Clean Coal Technology, 2024,
30(Suppl.2): 618-626.

MAGNUSSEN B F. The eddy dissipation concept: a
bridge between science and technology[C]//Proceedings
of the ECCOMAS Thematic Conference on Compu-
tational Combustion. Lisbon, Portugal, 2005, 21: 24.
BAUM M, STREET P. Predicting the combustion
behaviour of coal particles[J]. Combustion Science and
Technology, 1971, 3(5): 231-243.

FIELD M A. Rate of combustion of size-graded fractions
of char from a low-rank coal between 1 200 K and 2 000
K[J]. Combustion and Flame, 1969, 13(3): 237-252.
BIAGIOLI F, GUTHE F. Effect of pressure and fuel-air
unmixedness on NOx emissions from industrial gas
turbine burners[J]. Combustion and Flame, 2007,
151(1/2): 274-288.

EANE, B, B, S PR ASE A R D) B
B B RRIR AN BE IR (w22 (2 M ATF 5T [0]. el 7 L
T2, 2021, 36(2): 73-79.

WANG Xiaohua, WANG Yuwei, ZHAO Peng, et al. Study
on the influence of burner swing angle synchronicity on
the wall temperature deviation of reheat steam in
tangentially fired boiler[J]. Journal of Engineering for
Thermal Energy and Power, 2021, 36(2): 73-79.

(DUESiMH AR ')




