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Abstract: This paper carried out the performance tests on an ultra—supercritical 1 000 MW unit boiler in Shaanxi Energy Zhao—
shipan Coal & Electricity Co., Ltd. The effects of the high—sulfur coal fired on boiler efficiency, boiler maximum continuous rating
(BMCR), air leakage rate of air preheater, pressure drop of steam water system, pressure drop from inlet to outlet in air preheater
and NO, emission concentration were investigated in this work. Results showed that boiler efficiency reached more than 95% in
100%, 75% and 50% rated load which were more than its design guarantee value of 94.9%; BMCR was 2 915 t/h which was more
than its guarantee value of 2 906 t/h. Under the BMCR test condition, the air leakage rates from Side A and Side B of air preheater
were both lower than 4.00% and reached their guarantee values; the values of the pressure drop from steam side of superheater
and steam side of reheater were both lower than their guarantee values; while the pressure drop deviation values of secondary air
from Side A and Side B of air preheater both were more than 10% and didnt meet the design requirements. The average value of
the NO, emission concentration in 100% rated load was 159 mg/m® (volume fraction of 0,=6%, standard conditions) and was lower
than its guarantee value, meeting the design requirement. The results obtained offer useful reference for the safe and economical

operation of the ultra—supercritical 1 000 MW unit boiler. This performance test method is worth applying and recommending.

2021 4F 1 H

REHRRABFEIRHFFHELALLZE, kT WL 710049)

Key words: ultra—supercritical boiler; 1 000 MW unit; high—sulfur coal; performance tests; NO,

DOI:10.16643/j.cnki.14-1360/td.2021.01.066

FEH RSB R, R B RE RO A
oAz AR ARIR, K BB SR R s OB, T
R BRI O AT AR R e OBk, LA R AP B v 2
MR SO, AR, TR IR B X TR R o
Wt AR B TR & T A R IR, B A
REKRE , FOR I ARBE R T3, AR AL T
IR AR AR Dy i U AP K BE XS
S TRORIPEARE , A UERBRALY) | RS S I =
Bt R AU B A BOR IR 53t B, AP K v BE A X
SCH AL e S s AR PR R BAR UK
Y BE B DRI 25 BUM SR M, 1000 MW A5 A%
BefE HHE: 2020-10-16
F—EEEN: £ M, 19665, B, ThadlfaA, 19885 5L
ThbwhFRARG N TEEL, HHRIAZTM,

WIESE: 5%, 196554, %, ITHAHHA, 1998521 T &
ZIGB R AL IARE L, WA, #HA%,

S AL TE A P R R, TR A2 A T A 1) 5
Wiy, HL T3l P B AT B L. BT, xR
HEBLAERT 1000 MW HLER SR it AT PR RE RS, X FHF
FE R I P i A 8 R R Tl B LA R = S
ZAH

1 B R

B DU RE 5 X A IS R A PR ] 2x1 000 MW HLZ Ry
R IG AL, BRI 1000 MW B IE RS ©
AU, — PR A B R B ke O =X
EAHEE . 2WEMEH . K BB AR E R,
W3 T AR T B R A R A T o Bt 1 28R S5
4 29.4 MPa (A) /605 °C/622 °C., R VEHLEIA S5k
728 MPa (A) /600 °C/620 °C . 2 7 M 0K
RIWET) . IR ESFESR SR S EOH TR .
EHUBEYZE (TRL) 1000 MW, SR EALIET T4 TT 5

+ 157 -



2021 4F%7 1 )

i 544

2021 F 1 H

F(VWO) TAME o RiEgiz8 k& (BMCR) ik
2906 t/h &, b BMCR N 5755018 VWO T4 AH
VERE . % P03k FH B BA B & B i, o 2%0~4%
Byl 2z PR AE IS A T A T B PR I & A ™ Y
IS, BOMPIH L B T EE R . T PRIERL
BT T SEE R B, A BRI T M BE
RIGHTIY, B FREACE B A, ) 2
HEEE Y,

2 HRAB

2.1 iZEBR
211 F&FEA

BEPEREIEX A R AT BRA F 1 SRR AR A
A 7 5 b B A RN BT i ) SG-2906/29.3— 11 3
RUBIG HSH. BB, B R R R . —K
PR SPMrE N, BB EPAAAE . FSHEE . 20
g S SRSy A I TN D O R oY i W | B E (- A |
LIRS E . B B RS RN | R,

F1 BPEEEARSH

A BMCR 487 41 % i 41 (BRL)
i HGRARE/(-h 2 906.25 2 821.60
SR L SEREY I 605.00 605.00
i # KRR S IMPa 29.40 29.32
B it o & S/MPa 6.05 5.86
FAB IR E/IC 360.00 353.00
B 2 E A /MPa 5.85 5.66
FHE R OBE/C 623.00 623.00
FHAARARE/ (D) 2 381.44 2 305.65
25K 38 JE /G 302.00 300.00
2.1.2 4RI M AR
P T TR AN 2 FR .
Fz2 EiIHERSE
B AR AT
&K% M/% 10.20 12.10
FETFIBEKS My% 4.46 3.87
B AR A% 15.89 23.78
TR RIAEL SV o %o 40.60 39.70
WCE) AR S, /% 2.46 1.98
TRALZ I E Quaad M kg™ 22.77 19.73
W) ABE C./% 60.38 52.25
B A H % 3.65 3.19
KB KRNI % 1.01 0.87
K E) R 0./% 6.41 5.83

22 RIEEH

AL HLAL B3 1T RE R 5 BB A 2 B b AR 6] R
Xop AR AL = 5 BT VE PR REARIIE , M IRAT 7 55 & TRl 4 A1t
Wt s e i b Ho Az AT M R R A A ATk,
ML RIS AR, IR PRI A PR 2
HE A
2.3 Rk E

R B, KA ASME PTC4.1 (i AL 14 g
R HLAE) , ASME PTC4.3 (553 144 2% 10 56 0 ) |

<158

GB 13223—2011 (kL) KATE W HE bR E) , DL/T
1616—2016 (K 1 & AL PRI T I00)  Fbe 7 BrARE
A — R H RIS (2x1 000 MW) T REHLAL 1
REF R ZLR ORI H .
24 RIETH

BaieE (1009%800E g, 75%%0E fifar, S0%%
ET) , SR RS T, B EiE T, ROKR
GiIEFg, 23U E ) TR XU [, 25 I 28
W, NO, HERC IR
25 (UBRERKE

By B el J2 B A GRAES SR E BRI AR

a) M AT o3 AT A R AL HE NGA2000 it i =X 4 i
1, 2I4MR CO L. 2T4hk CO AL, 2RAME NO R, X
AR E R T AR H , 5w A o R e
U HARES R TR, HUERIEETE 09%~1.5% Y5 N .

by i B I ARG — OTT R A — 4 E AR
HLM, [E59Hi3% 35954A IMP/PC SR R %, E B
F S P R g T BT i 3 s BB 1 4 3 3
IR 2 o 35954A IMP/PC 308 R4 R G4 T FL K6

) HAh % FHUREA AR PN 2 K0 o Jg@ F A il TAL,
FeAan B ORE 745, ANHEA TR S s TR HUREAR Sy 2 o
T, fFEA Kb, WA TR .
2.6 RIEEXK

R R BB TS AW SEREI T 8
WZE K R+3%, GRS 2%, i GRS
F£5 °C, FMGEIRIEE A5 C,

R, AWK, ASPATAE T T4 T 00
Ak
3 #RE5THE
3.1 SRRPRER
3.1.1  100%%R T 7 47 43 b sk &

ERIPSC%R R ASME PTCA.1 R HLLLTERE IO HT
(B R OF % 7 g =

YHEFTRY 6 GEEML, BRI A, B, C, D, E, Fj&
PP TR O, B B BN B B TR &
J& i o A AN 3R 3 TR o MR A Ry, /N T THE
20.0%, i R E R B IR EOR

*3 HEMEHEFIER
B A B C D E F
JERERUE A/(-h) | 75.00 | 75.00 | 75.00 | 75.00 | 75.00 | 75.00
N Ry 1.00 | 1.00 | 0.80 | 1.20 | 1.00 | 1.10
Mt o 1% Rxo | 18.00 | 19.40 | 16.20 | 18.40 | 17.30 | 17.90
HOMEH 124 | 129 | 122 | 120 | 1.21 1.20
5 & E5R/(r-min™) | 92.00 | 91.00 | 92.00 | 91.00 | 93.00 | 92.00

R R, AT T 2 IR 1009% %45 5 B oy B
BORIAE, TH45 551k PT-01 A1 PT-02, 51T
LSRN 4 PR,

15 100% % E f T, PT-01 T.00SEi# b &k
95.43%, BIEJEMP RN 95.02%; PT-02 T 5 S
B RCR R 95.44% , WBIEIGHRIRCR R 95.02%, BIE




2021 4E55 1 4 T OHR, A 1000 MW AL I S5 488 i B PE R I A 5T 2021 4 1 A
SR N 95.02%, 15 TARAIEE 94.90%. #6 BESAR(BMCR TRT)
7 B S fh
4 ERIRBPARRRITEER LK s Mi% 12.20
R A it E | PT-01| PT-02 | 3514 = AT IR AR M A% 2.42
AL, B FT/MW 1.000.00] 999.60| 1 001.70[1 000.65 EE TR A% 15.12
A HRBEIC 119.00] 131.00] 135.60] 133.30 AT IR 5% 210
BE | HRGRES EGRRERE/C] 116.00]117.00 118.30] 117.70 FRERREE > Vo 39,81
i S 030 017 01z 0.3 FF| RN AT QoK) h ) 22822.00
FRAKFRL 405 347 360 354 :
HAA K 5 AR K 0.08 007 007 007 e e g -
&R AE R KR B 026] 023 024 024 R7_RPRKESHTIRELER(PT-05)
AR AP A BIRA 0.03[ 004 004 004 LA 55 IMW 1.000.30
%1% AP i R 0.16) 0.17] 0.6 0.17 BRF/(t-h) 357.30
CO #AH %k 0 0.33 022 0.8 EWE/(t-h) 3228.70
ROl R R 010 o000 0.0 0.10 it #h R AR /7 /MPa 28.03
HIRE A 498] 457 456 456 i RABE/C 613.50
EREBY % 95.02] 9543 95.44] 9544 KRB/ h ) 2915.40
15 EJG BRI R % 95.02]  95.02] 95.02 £ JE /1 /MPa 32.54
AN AR % 94.90 27K 3B G 426.60
2 Py y — R IB ATt h! A 0
£ 1009%455E fifa (1000 MW) T, 2 Ff THLAY A AREBAGRRIh) B A 0
BRI T B R 0.15% , HikIHE (0.30%) A% P ——— A 4.90
v =1 0 Y | .
0.15 F4hA s 2 B TBLHY CO B4 T4 0 0.28% , ‘ o e
PRI HE R 0.28 B 43 a5 2 FP 0 09 T M0 A0 2 F PBLME L o RARIT B i) 604.40
YA 3.54%, WIHE (4.05%) 1K 0.51 Forki; 2 N P ¥ 2867
B T BB IE 5 IO HERRIRE R o 11770 C, Rkt i P
B IE G BHEIIRE (116.0 °C) & 2.1 CEA BB EA R RN B i) 39.30
312 75%Fn 50%ER AT 4R RCE T A 618.10

N P N e o i N aw 7R a3 B m 1 ]

PEAT T5%RUE FAT (750 MW) S 38 A< i ik ) NI "o
TSR PT-03; 7EHE(T S0%HUE AT (330 MW) PEFAE 8 e RREAMP 5.69
BPECRIKIRRE, TG B PT-05, R R I FUEIPa ~94.00
N 7] mo— ~ = = nl .
PRI 5 PR, AR o BN i =

R5 75%H 50%ENE ATRP N ERISITTEE R 3| RS o+ I B /% gﬁi 2322
) PT-03 PT-05 - -
28, 5 47 /M 750.40 500.50 " TASH L3 N . N .
e o0 030 BRI TR KB4 AR 8 IR, Bk i
RN T 3.80 3.74 éitﬂjjﬁil‘, A W?ﬁ%ﬂiﬂ%%ﬁiﬂ%ﬁ 3.78%, B mu%%
WK AR 0.08 0.07 TR RNy 3.86%, YINT 4.00%, KB T RIEE.
i: RERAORAK 022 020 34 HKRGER
FAE :’E); Ko AR . . » \ [ ~ — TR >
oo T = oo HR AP IS ) IR [ AT OK RS
CO IRk 0.03 0 e %, BIREE RN 9 iR,
ol F AR K 0.10 0.10 i RS ZE VKA AY R B A 1.89 MPa, Ik T & IF(E
RS 4.62 4.62 1.90 MPa; FEHESZEIIAIFEREN 0.19 MPa, & T1RIE
52 M 4R P HCF % 95.38 95.38 {f 0.20 MP
1 B G 4R A% 95.17 95.13 : do

TE T5%FE MM T, SEM 0% R 95.38%, 1&
EJE BRI RR A 95.17%; 1 S0% %€ fifar I, SEil
IR N 95.38%, IBIEIG MM REN 95.13%.

32 fRIPRAKESEHAN

B RS RIS A T ST 2 1 000.3 MW A2 4
A, ML T R 24.06 kPa FFR 1S, B4 B i i a0
6, HIg Rz 7 B,

33 EEmHFRENE

2R IS U ORI G 5 B b B RGE E H ie
(PT-05) [E 61T, ¥ ASME PTC4.3 (&3S v gs
KBRS TR

3.5 BMCR LR TZ=SF#as H O XUERE

R RSt s A (R, R A AT 2 ST
PEFIE S TR A TR R, T 05580 PT-04, ik
EaE AN 10 Fios .

A 7 S AR — IR KUERE R 0.71 kPa, B |25 <,
TS — R IKERE R 0.72 kPa, 53HE (0.673 kPa)
FIIm2ZEEI/NT 10%, RFBIBTTER s A M2 ey —
AR R R 1.38 kPa, B fill 25 S AU R — XU F&
1.35kPa, Si%i{H (0959 kPa) HUMMZIIKT 10%, 1%
FHIRBIBET R A 2 S IERE ISR R 1.55 kPa,
B ] 75 S T A A% MR BE R 1.52 kPa, 5 IHAE
(1.171 kPa) MRZEHIRT 10%, WA RFIEITER,

+ 159 -



2021 4F%7 1 )

i 544

2021 F 1 H

8 TEMMB[RENRIXLLER(PT-05)

P ¥ s A B 1]
FEEY 59.83 59.83
I E) k5% 3.62 3.62
W E) KB % 6.35 6.35
FEFS I 1.00 1.00
KB IR A % 1.89 1.89
A K% 12.20 12.20
BENE R 5% 15.12 15.12
REAFM A {1 B 1)
X 4JE 71 /kPa 87.440 0 87.440 0
F 3B E/C 23.500 0 23.500 0
R JE/C 13.600 0 13.600 0
3T I8 E 1% 42.000 0 42.000 0
bt fe R AJE A [kPa 2.890 0 2.890 0
23418 B/ (kg m™) 0.008 8 0.008 8
i T kA A A B ]
3T 90.000 0 90.000 0
WP i Yo 9% 10.000 0 10.000 0
AT R A1% 0.080 0 0.100 0
Wi T R 1% 0.270 0 0.270 0
J it T ¥ TR % 0.099 0 0.117 0
F &5 /(kg k) 0.1513 0.1513
5 FRBe A 00 8%/ (kg - ke ™) 0.598 1 0.598 1
FATA BT A 1) B )
AF/% 2.500 3.170
AT HEAT RN AT E AT/ (kg k) 7.932 7.932
AHEAE S E/P 13.250 17.440
CO./% 16.510 15910
CO/% 0.130 0
No/% 80.860 80.920
X T AT e T2 AF (kg ke 8.913 9.328
AAXE T AT ey TR A F (kg ke 9.310 9.720
X T AT A 6 K e T/ (kg ke 0.520 0.530
AT AT A 6B A F/ (kg-ke™) 9.840 10.240
TAMA S H 2 A ) B )
AE/% 3.25 3.90
FHELENE/% 17.96 22.37
CO,/% 15.84 15.26
CO/% 0.13 0
NA/% 80.78 80.84
A T AT T2 A F (kg ke 9.28 9.72
X T AT e TR A F (kg ke 9.68 10.11
AR T AT~ A6 KA T/ (kg k™) 0.53 0.53
ABRE TR AR B /(kg kg) | 10.21 10.64
= AT RIE% 3.78 3.86
K9 BRKRFENNELER Bfi: MPa
BB RO LRES 30.60
TS e AR 28.71
A2 RAE S 5.91
A E Pt v AR ) (5 E)E ) 5.89
Tk Bk v KA RS 5.70
it A R R 1.89
BB EE 0.19
F10 EXRFEERENELEEPT-04) Hfi. kPa
PT-04
A A ) B
FARKEHE WA R -1.80 -1.80
FERAE R DALGE -335 332
TARMK BRI ER 1.55 1.52
T AT B o — R R E 12.00 11.93
FAMAB R —RRFHE 11.29 11.21
AT B — RIRE R 0.71 0.72
=AM B T RN R 2.86 2.85
AT E B9 R R E 1.48 1.50
= ARG ORI e 1.38 1.35

<160+

3.6 R NO, HEA B B = R K
NO, HECH JF R FEE 100% 55 52 Tl B b7 8508 K
RS AT, THAEES R ANFR 11 Urs . 88 NO, HEjL
P BT (BAETD “F3EN 159 mg/m® (0, (KT
B =6%, FRUERES) , MR TIRIEE 160 mg/m® (O, A
L =6%, PRUEIRES) , IRBNEIHER,
F 11 NO HHMHRERETELER

58 1 000 MW(PT-01)
Al B
i B /(L L) 1.92 1.95
52 m NO/% 94.00 93.00

NO, HE# 89 i F R E (0, AR #=6%,
A (g ) 159.00 | 158.00

4 Z5iE

a) 100%4E A (1000 MW) R, 2 i T Hk
PRB B SS9 (E N 0.15% , A (0.30%) %
0.15 EA3 A 2 AP T CO B 2 2415 M 0.28% ,
FEBETHE R 0.28 F43 5. 2 A 00 1T H0 S 2 7
BIE A 3.54%, Wit (4.05%) A% 0.51 H 7 a5
2 P T AL A I S HER S 4ME R 117.70 °C, ikt
B IE S HEMRIE R (116.0 °C) & 2.1 CEAT. b) 75%
e T, SR AR 95.38%, & IE JE #a Ak
R 95.17%; 509 g I, SSMERIIECE N 95.38%,
BIF GBI RCEN 95.13%, o) RIS R FEW, My
KIELEH T4 2915 t/h, IKFILAUE(E 2 906 th, d) Fad
RS IR, A M2 B I AR 3.78%, B
28 S RS N 3.86%, KT 4.00%, kT3
WEAE . ) FAb e RIS Sy, i #8275 Y R
9 1.89 MPa, X T43E(A 1.90 MPa; FHHESZEIEMIAY R
%A 0.19 MPa, (K TA-IE(E 0.20 MPa,, f) A fil]5s < ik
P KUERE R 0.71 kPa, B 2SS A EE— XU
9 0.72 kPa, 5i%&iH{E (0.673 kPa) 1M 22 ¥ /N T
10%, RBNBETFER; A 28 S BIER R XUE [N
1.38 kPa, B =5 S i#kas IR XEME A 1.35 kPa, 5
BIHE (0959 kPa) MIIRZEIRT 10%, WA LK

KT AH SRS N 1.52 kPa, 5i&iHE (1.171 kPa)

IR 2R T 10%, WA RBNITER, ¢ 100%%5iE

TN, w9 NO, HE R BT ik B (BLAl ) P34

H 159 mg/m® (O, R4 =6%, FRUERES) , KT IRIE

{H 160 mg/m* (O, EFU3EL =6%, PR, BB&It

SEH:

(1] ET .50 MRBe4R 7 MK R 3 sk 69 & iR i Ak By 42 () ). B A+
F B, 2018(5):193.

[2] & FRRZATLIBEELY 5| RAAKR G 4R B 08 #4556 .4+
% 542 84K ,2019(25):91.

[3] Rk 48 KA 2p B2 3 i3 5 4k R B - Boxt [T ]38 A1 &
Ww,,2013,42(7): 138-141.

(4] Bwe®, A&, 2 B, 5 WA S 74 by I8 48 17 K 4B
ZR B AR B[ )]3S K d,,2019,48(4):96-103.

(EEHE: B &)



