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Experimental Study on Operation Characteristics of a 660 MW
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Abstract: Aiming at some issues of the 660 MW ultra-supercritical swirl combustion pulverized-coal boil-
er with double reheat cycle put into production in a power plant, such as poor combustion balance of boil-
er, low thermal efficiency of boiler and primary and secondary reheat steam temperature as well as high
mass concentration of NO, emission, the boiler performance optimization tests were carried out by varying
the parameters of O, volume fraction, pulverized coal fineness, primary air flow rate, the opening of ex-
ternal secondary air baffle, different layer burners’ air distribution, horizontal swing angle of direct cur-
rent (DC) air of over-fire air (OFA) and OFA flow rate. The test results show that by increasing the op-
eration O, volume fraction and the rotating speed of the dynamic separator of the coal mill, and setting a
reasonable external secondary air distribution mode, the horizontal swing angle of the DC air of OFA and
the opening of OFA nozzle, the ash and slag carbon mass fraction and CO emission concentration can be
effectively reduced, and the primary and secondary reheat steam temperatures can be increased. Among
the various influence factors, the configurations of opening of external secondary air nozzle of pulverized-

coal burner on the same layer and the horizontal swing angle of the DC air of OFA have a significant im-
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pact on the combustion balance of the boiler; the operation O, volume fraction and OFA flow rate are the

most sensitive to NO,, emission. Through the comprehensive optimization and adjustment, the boiler per-

formance is significantly improved, and its main performance parameters are achieved or superior to the

design values.

Key words: ultra-supercritical boiler, double reheat cycle, swirl burner, NO, emissions, thermal effi-

ciency of boiler, steam temperature, combustion balance
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Tab. 1 Design parameters

e WRESE S BEh
PR/ th ! 1785.49 1733.48
TR/ C 605 605
SHIEIRIE 1/ MPa 32.45 32.36
— R PR O ZEV R/ C 623 623
TR AR ORI/ C 623 623
KIRE/C 314 314
AR A R SR 1.16 1.16
23 S AR E F AR IR C 372 371
23S AR (1B 1) /°C 118 118
NO, HE v ) /mg - m ~ 180 -
¢/ % 4.71 4.72
a3/ % 0 0
44/ % 0.25 0.25
TR IHCR % 94.77 94.76
PRAEIE % - 94.65
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Tab. 2 Quality analysis of coal
Z M B R A e PpE Sl pe MAEAEZRME IR R AR
W ek C,,/ % 54.80 52.55 57.46 54.52 57.66
WEIEE H,, /% 3.88 3.51 3.84 3.62 3.60
FI 34 0,/ % 7.16 6.91 6.95 7.42 8.62
WEIFEE N,/ % 0.91 0.93 0.97 0.96 0.95
WA S, ./ % 0.70 0.58 0.51 0.45 0.58
LKAY W/ % 8.25 6.80 6.00 6.80 14.00
E TR W/ % 2.20 1.39 0.95 1.36 3.95
BN IR A,/ % 24.30 28.72 24.27 26.23 14.59
TARTCIKIEAE K ) V g/ P 38.64 40. 66 41.02 41.14 36.18
W NG A K Qe o/ M kg ™! 21.43 20.47 22.60 21.25 22.11
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Tab. 3 Benchmark test data

Z B BAH
SRR/ C 34.3
iB17 0, F 54 % 2.45
FERRE/C 590.2
— KRR/ C 609. 4
TR AZERIEE/C 602.0
23 ST A TR C 359.5
S/ 6 1E S5 HERR L/ °C 141.5/132.6
TR/ R T SRR % 1.74/4.37
2L T ¢(CO) /-1 7! 1 266
JEUASE 3k O NO  HEMUT R /mg - m 222
G/ % 4.95
q3/ % 0.48
40/ % 0.97
AP RECR % 93.15
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Fig. 1 Distribution of O, and CO concentrations

at the outlet of economizer before adjustment
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Fig. 2 Influence of O, volume fraction on various

heat losses and boiler thermal efficiencies
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Fig. 3 Influence of O, volume fraction on NO,. emission

mass concentration and steam temperature
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Fig. 4 Influence of pulverized-coal fineness on various

heat losses and boiler efficiencies
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Fig. 5 Influence of pulverized-coal fineness on NO,,

emission mass concentration and steam temperature
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Tab. 4 Test results before and after flow rate

adjustment of primary air

E T4 1 T2
JERELE O — X/t h ! 102 86
— K XJE/kPa 10.9 10.55
FARIRE/C 589.0 587.7
— KRR/ C 605.0 606. 8
TR FRZRIRIRE/C 601.0 602. 4
TR O $(CO)/pl-L~! 333 155
TR RSB % 1.14 1.78
1B IE 5 HEM I B/ °C 129.4 124.9
JEASE B 3k O NO, HEMUR Rk /mg-m ™ 256 222
G/ % 5.01 4.71
43/ % 0.13 0.06
44/ % 0.59 0.83
P PR % 93.82 93.87

IR 4 AT, /N — U XU RO 5 T o )
WA /ME LT Gl R R, — IR 8D A S T
FAR R T BOB IR L, AR T IR IR T B K, A
A H TR . (HE , — R KR 8 D 23 [ AR — O



5511 1

IR I , 55 1660 MW i I St — U HHRAIRBE B s A T R P 5 - 135 -

BRI , 546U KU B R A7, TG 580 e 5
A5 BRI AR 2 | ELAE B — YRR IR
BEREHLIL I 2 T 85 o MREAS 52 4k Be B
1 SR B AR AT 1 43 GUR B B 6, —
AR/ M TSR B 4, — R R
RS A T 3R AL T 40 SRR TR, 1 e S
P2 KEFHERIRL B , — U KR I (46 o 1 32 0 00
ETTHY , 1 RSB MU IR B T 223t %
PR Z SRR, S T RO 2 BRI
91, T REHEARR B R e B, — VTR I 5
S HEAR IR B R IR K , BCSH  RR A /INRARTT

KB 8 11 NO, HE R 5t ik 000 Bl — v Lt
W T W, HRTITIA , — U KU A 1 2 S 50N
IR R 4R 85, MR 2 ST T e, A T 4
NO HOA R, (LR, — YR A 52 B e )
RS BIRBRIOR. T SRR T 10k 25 i F I
BRI, I, NO HEROR RS TR, —K
SR ORI SRR D . R S e
e SRR AT 56 | 7R (9 7 R0 e 7 B 08 I A
ST ERUR B BE T S MR, B T 1 g
SR L 3h 11, TR A e M e 2 1 B
SUE JRy SV L, — VAL 305 B B 5 3 294
L B B A

L5 E 437, 660 MW 6 i T80T , L4 5 b
B, T T B ML R A A 35 1, S B
B9 B — VAR I8 , — YR SR B A, £
A AL — YR HITE 94 h Z245
3.5 FIRIHBAEE S 5h = Yo R I R 4R A I B
SR

SEAER I B , B St B O, ¥ 1%
CO VR HERS , W] X O, W J# 25 . CO Vi {6, 2]
P11y O, WIS R S) ARBE R A . XTI
WARBERS , S — YRR R X BRRE TR
FLBEE AN — U TIFRE S/, b — KU et
BRERETR Sh T UR TR, SR AR .
W A5 A B A A% 4 — Y KR 4 B 0 5
5t HLRHENTI Be 55 KRR 0 IA G 08 o )5 4 T
REROISTEEC 2 A Iy 3 T 9 Sk v i K
W

o

PEEHT, 25 250 Z AT IF B Oy 500, g &
bR SeXt R JZ B 6 HRbeds i T4 . H
H,1 56 SRR BE R L T iR A, 2 55 S
WRBERROL T UM ;3 5 4 S HRABeas , 7 B E b
BRI A B i 5RO AR R, BAR LI 7, A
5 ,1/6,2/5,3/4 SIREBEAR N IR XIT 73 ) &
F60° ~70°,40° ~45° 30° ~40°, DITEA IS H O
b B SE R Ty a1 A LY 6 AN is T | RN AN S
% HRSCR R E . MR 6 izt AR G
FN A AR 1 O, MRS Wil 6 FT7s o

4.0
35
30
251
20
1.5F
1.0 -
0.5+

0

0, /%

—=— ] —— R

1 2 3 4 5 6 7
WP SEBE 7 638470, WR BE I R 4
Eo FAEAMFERHFLN O, RESH

Fig. 6 O, concentration distribution at economizer

outlet before and after adjustment
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Tab. 5 Test results obtained at air flow rate distribution

characteristics of different layer pulverized-coal burner

28 ¥4 E3 N
/R IRG TR % 70/70/70  65/70/80 78/63/75
FHIRE/C 594. 4 593.5 595.7
— R IR/ C 612.1 606. 4 608. 1
TR FRRRIRIRE/C 611.1 607.3 610.5
ERWMAFHH ¢(CO)/ 1076 400 150
pLeL-!

TR TR % 1.47 0.83 1.20
PP T A 53 B % 3.07 5.62 0.64
1B 1E S5 HEAR R B/ °C 122.5 123.6 122.9
Bt de Bk 1 NO, HE 196 193 206
J R BE /g - m 3

9/ % 4.86 5.02 4.96
q3/ % 0.44 0.17 0.06
44/ % 0.36 0.28 0.25
BRI % 94.00 94.22 94.41
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Fig. 7 Schematic diagram of horizontal swing of

direct current air nozzle of over-fire air



5511 1

IR I , 55 1660 MW i I St — U RAIRME B s A T R P 05 - 137 -

Fo6 MRRZEFREOKTEZshiX e 5
Tab. 6 Test data of horizontal swing of direct

current air nozzle of over-fire air

Z 0° 2 UK 20°
FZERIRIE/C 595.9 592.2
— IR FHAZRIRIRE/ C 607.6 610.9
TR FRZRIRIRE/C 610.5 609.3
QR T e 4358/ %% 1.20 <1.0
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Tab. 7 Test results of over-fire air under different

adjustment conditions

% B TH1 TH2 TH3
LRI TR % 35 55 80
RIS TIFEE % 55 65 60
B1T O KT E % 3.25 3.28  3.01
S GRIRIREE/C 594.8 590.4  599.9
— IR FGEIRIR L/ C 617.2 611.8  615.8
TR HGRIRIRLEE/C 611.3 611.3  608.5
ZER BRI $(CO)/(pL-L7h) 125 180 100
JR AR B PO NO,, 201 192 203

HEROT A/ mg - m

R 8 % 1.05 0.95 1.30
PP I e B % 3.40 1.00  3.40
& IEJE HERR B2/ °C 120.2 119.8  121.2
42/ % 4.84 4.74  4.69
45/ % 0.05 0.07  0.04
qu/ % 0.28 0.21  0.34
BRAP SR % 94.47 94.62  94.55
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Fig. 8 Distribution of O, and CO concentrations

at the outlet of economizer after adjustment
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