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Abstract: With the low-carbon development of the thermal power industry, improving the overall operating efficiency of units and

reducing coal consumption for power supply through cogeneration has become a major means. In the actual operation process of a unit

after the middle note steam extraction heat supply transformation, it was found that the unit heat rate continued to be high, and the unit

coal consumption level did not decline due to the increase of heat supply flow, but rose. In view of this phenomenon, Xi'an Thermal

Power Research Institute Co., Ltd. was entrusted to test the unit under different loads and heating flows. The analysis of the test results

found that the main reasons for the rise of the heat rate after the use of middle note extraction steam heating were throttling loss, large

loss of temperature and pressure reduction, increased high parameter extraction steam regenerative, and decreased cycle efficiency, and

propose to optimize the heating method according to the principle of energy level matching and cascade utilization, and reasonably

schedule the heating operation party; Improve the minimum operating limit curve of high exhaust pressure and reduce the throttling

loss of medium pressure regulating valve heating. Based on the unit maintenance plan, the flow area of the steam turbine is modified

by drilling new holes to extract steam. According to the actual needs of power generation and heating, the steam parameters, power

generation, and heating flow rate are determined, and the flow distribution of the flow section is optimized to minimize energy loss

during the heating process.
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(1) # 150t/h BEHGRERT, 90%. 70%. 60%. 50%-
40%F1 30%E T Aef T IREEHAFEZR A .

1 A%

76 9OMW 4 T 150t/h EHRE LT, RIEA
FLHLZh oy 99354, 5kW, L& 1E )5 MK EHLII R A
99456. TkW; {36 HFER A 9069. 0kJ/kWh, ZABIE & H)H
FEF N 9071, 2kJ/kWh; 56 = R TR My 73. 18%, 56
H R RLALEE N 65. 07%.

FE 132MW Fuf Tt 150t/h fHGR BT, Wik
KREALTIZE N 132352, 3kW, LB IE)E K BILIIE N
134134. 3kW; RIGHFER N 8809. 5kJ/kWh, SIEIE)EH
PFEF N 8727. 8k /kWh: A58 =y R GLALEE N 73. 37%, ik
55 v LA T1. 2%,

7E 165MW Fifif Lot 150t/h R EL&A T, Wi
REHLINZE R 165246. 2kW, Z1&1E )G K BHLIIZE N
168327. 1kW; RIGHFER N 8630. 3kJ/kWh, LIEIEFH
FER N 8487, 8kJ/kWh; RI% = FREL RN 73. 79%, ik
45 R GLARE N 76. 51%.

TE 200MW Fifif L. 150t/h AR ERMAT, R

RENINZE SR 200125, 4kW, SAEIEE R BILIIZE R
207344. 6kW; R HFER N 8558. 8kJ/kWh, ZMBIEJHEH
FEZN 8291, 8kJ/kWh; RLG = EFLRLER N 75. 12%, ik
IR R ELEE N 79. 99%.

76 231IMW Ffif Tt 150t/h BERR BT, W3
KRNI A 231167, 1kW, ZBIFEFIKKBIIIER
237627. 3kW; RIGHFERN 8418. 1kJ/kWh, ZAEIEJGE
PFEF Ny 8208. 6kJ/kWh: 50 = R GLALE N 78. 18%, 1K
55 R GL AR N 82. 49%.

7E 29TMW Fufif Tt 150t/h BERRE &M T, W3
RENLINZE SR 295895. 2kW, L& IE 5 (R BALTIZ A
311639. 7kW; RIGHFEZR N 8452. 2k]/kWh, ZABIEJEH
PFER Y 8033, 2k J/kWh: 58 = R GLALE Ny 83. 08%, 1
o R ELEE N 85. 19%.

(2) 60%4E g 4L R, 43093 200t/hy 150t/hy
100t/h A1 50t/h fEHGR IR EHLIAFERIIR

A3 2 Al A

7E 200MW Figi Liit. 200t/h BERGREZMAT, Wi
REHLIHZE A 200166. 8kW, L& IE)E K BALTIE A
205433. 9kW; RIGAFEF N 8319. 6kJ/kWh, ZMEIE
PFEE A 8119. 6kJ/kWh; 358 = R GLAE N 76. 45%, X
IR R ELEE N 78. 09%.

7E 200MW Fufif Tt 150t/h BERGR BT, W5
KENIHZE R 200125. 4kW, ZABIFJE K BILTIZE R
207344, 6kW; REGHFER Ny 8558. 8kJ/kWh, ZMBIEJHEH
PFER Ny 8291, 8kJ/kWh; 58 =y R GLALEF N 75. 12%, 1K
IR R FT RN 79. 99%.

Fz 1 150t/h HAREBTERTIRVNBAERMNRER
Thigw's | 8hr| T09 Tl T12 104 T13 T14 Tt L ¥iva T09 Tl T12 T04 13 T14
TR , QOMW— | 132MW- | 165MW- | 200MW— | 231MW- | 297MW- oy~ , QOMW- | 132MW- | 165MW- | 200MW- | 231MW— | 297MW-
150t/h | 150t/h | 150t/h | 150t/h | 150t/h | 150t/h 150t/h | 150t/h | 150t/h | 150t/h | 150t/h | 150t/h
N~ , 2024/5/ | 2024/5/ | 2024/5/ | 2024/5/ | 2024/5/ | 2024/5/ - Pa ) 3 _— o5 - - -
27 28 28 26 28 28
THAGTR] / | 15:00 | 15:00 | 17:00 | 12:20 | 19:30 | 22:20 THGRIRIRE C 536.2 | 531 539 537.9 | 538.4 | 536.4
ZEB R / | 16:30 | 16:30 | 18:30 | 13:50 | 21:00 | 23:30 | HEEHEAE) MPa | 0.31 0.4 0.5 0.6 0.68 0.91
KHEHUETIThZE | KW |99354. 5132352, 3(165246. 2|200125. 4231167, 1{295895. 2| rhEHTHEAIRE C 343.1 | 339.2 | 348.9 | 349.1 | 351.3 | 352.6
fERHEAE S | kPa | 5.4 | 6.38 | 7.51 | 8.86 | 826 | 10.24 KR t/h | 407.06 | 484.5 | 559.57 | 649.36 | 715.2 | 896.97
CV1 WL % | 98.72 | 98.49 | 98.5 | 98.62 | 98.49 | 98.55 FARNE t/h | 471.9 | 576.7 | 657.87 773 859.84 | 1057. 31
CV2 WL % | 99.62 | 99.45 | 99.45 | 99.32 | 99.45 | 99.46 | iTHuBEKIE t/h | 37.34 | 11.46 | 26.46 | 18.21 | 18.27 | 60.95
CV3 s % | 25.15 | 20.51 | 19.17 | 23.05 | 39.29 | 98.67 | FHURIR/KIE t/h 1.41 5.16 19.13 | 20.82 | 25.75 60
CV4 1L % | -0.56 | -1.79 | -1.87 | -1.98 | 2.86 | 76.86 PR R t/h [ 147.83 | 148.51 | 147.68 | 152.28 | 147.95 | 147.97
V1 [ % | 18.79 | 20.87 | 23.39 | 24.84 | 26.32 | 29.32 | PLHuEEKIE t/h | 1151 | 10.99 | 12.28 12.6 12.44 | 13.02
V2 [ % | 17.78 | 19.83 | 22.29 | 23.76 | 25.2 | 28.22 [Eani k& % 73.18 | 73.37 | 73.79 | 75.12 | 78.18 | 83.08
FAKRES | MPa| 9.97 | 12.58 | 14.43 | 16.24 | 16.3 15.9 LU ES % 65.07 | 71.72 | 76.51 79.99 | 82.49 | 85.19
FARRE C | 539.5 | 537.8 | 543.1 | 544.2 | 542.6 | 534.2 RIRFFER kJ/kWh | 9069 | 8809.5 | 8630.3 | 8558.8 | 8418.1 | 8452.2
FUERTHRAED) | MPa | 2.39 | 2.48 | 2.65 | 2.93 | 3.13 | 3.85 |MEIERMAKHENIIE| kW |99456. 7|134134. 3|168327. 1|207344. 6| 237627. 3| 311639. 7
FERGHESIRE | C | 363 | 337.3 | 331.1 | 324.7 | 323.9 | 334.8 | fBIEEMIHGER | kJ/kWh [ 9071.2 | 8727.8 | 8487.8 | 8291.8 | 8208.6 | 8033.2
68 Copyright © 2025 by authors and Viser Technology Pte. Ltd.
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76 200MW fifef T, 100t/h AR EZM T, WK
REPLTIZE SR 200259, 8kW, L& IF 5K LTI K
209072. 6kW; R HFER Ny 8801. Tk]/kWh, ZAEIEJG
PHFEFR Ty 8490. 8kJ/kWh; 156 = IR HLALZ Ay 73. 45%, 1k
55 v L RLR N 82, 85%.

7E 200MW F1ff T 50t/h BERGRE LM, A
LI RN 200129. 6kW, ZM8IEJG A LTI R N
209713. 8kW; RIGIFER N 8967. 8kJ/kWh, ZAEIEIGH
PFEEN 8623. 0kJ/kWh; 356 & S HLRLE N 72. 30%, i
45 v TR N 85, 6%

F2 BHARET 60%EE ST FARTAERMNKER

F3 BHARET 30%EERT FARIAERNRER

Tt LA 103 104 T05 T06
THAFR /| 200MW-200t/h | 200Mi-150t/h | 200MW-100t/h | 200MW-50t /h
X / 2024/5/26 | 2024/5/26 | 2024/5/26 | 2024/5/26
FFUERF ] / 10:30 12:20 15:00 16:50
Sl i) / 12:00 13:50 16:30 18:20
RN ThR ki 200166. 8 200125. 4 200259.8 | 200129.6
RHESLHRAE S kPa 8.24 8.86 9.10 9.31
CV1 &z % 98. 63 98. 62 98.60 95.50
CV2 iz % 99. 37 99. 32 99.29 96. 42
CV3 iz % 27.56 23.05 17.13 12.20
CV4 Jfr % -1.90 -1.98 -2.04 -2.15
V1 fhr % 23.88 24.84 26.96 29.40
V2 fRhr % 22.72 23.76 25.76 28.24
AR MPa 16.31 16. 24 16.26 16.22
TS C 543. 4 544.2 544.0 542. 6
FIEGHRRES | WPa 3.05 2.93 2.75 2. 64
re AR C 325.2 324.7 321.2 318.7
THGRRIED) MPa 2.85 2.73 2.56 2.46
FEAAGETRIREE C 540. 1 537.9 532.6 5311
TSRS WPa 0.58 0. 60 0.62 0.64
P HRAIREE C 347.6 349. 1 349.8 350. 8
BRI/ t/h 670. 52 649. 36 615.96 588. 86
TR t/h 808. 89 773. 00 723.59 701. 68
pUEYERIEY Siiih S t/h 3.81 18.21 29. 67 34.13
BV RIEY ST S t/h 15.18 20.82 24.53 21.85
PR t/h 190. 59 152. 28 99.78 60. 59
PEARIRAKEE | t/h 15.93 12.60 8.62 4.03
FRHIR % 76. 45 75.12 73.45 72.30
FIRATHER % 78.09 79.99 82.85 85.76
kR kJ/kWh|  8319.6 8558. 8 8801. 7 8967. 8
TBIERRIR IR | kW 205433. 9 207344. 6 209072.6 | 209713.8
BIFRI#FER  |kJ/kWh|  8119.6 8291.8 8490. 8 8623.0

(3) 30%405E Fifnf LHLT, 43745 200t/hy 150t/h
100t/h F1 50t /h LG EIEHLAFE RN .

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

Tt L 107 T08 109 T10
TR /| 99MW-50t/h | 99MW-100t/h | 99MK-150t/h | 99MW-200t/h
5 H /| 2024/5/27 | 2024/5/27 | 2024/5/27 | 2024/5/27
THUATR] / 10:50 12:40 15:00 17:10
LU TR] / 12:20 14:10 16:30 18:40
REHATITE | kW 99182. 6 99169. 7 99354. 5 100649. 1
RESRHRES) | kPa 5.48 5.30 5. 40 5.50
V1 MRIfE % 97.95 98.73 98. 72 98. 72
CV2 [ % 98.76 99. 62 99. 62 99. 61
CV3 [ % 16.91 19. 12 25. 15 25.25
CV4 [ % -1.83 -1.85 0. 56 -1. 50
VI i % 21. 85 19.77 18.79 17.73
V2 [ % 20. 81 18.77 17.78 16. 62
FHERIES WPa 8. 74 9.70 9.97 10. 51
FARIE C 538.9 540. 4 539.5 530.0
EEFIHEAUE S | MPa 1.86 2.16 2.39 2.64
EEFHEARE | C 353.0 356.9 363.0 358. 4
FHIERES WPa 1.79 2.08 2.30 2.55
FHGEIRIEE T 522.9 531.5 536. 2 530.5
PIRELHEAES | MPa 0.33 0.31 0.31 0.31
PEIHRRIRE | C 342.0 342.2 343. 1 333.4
FHK R t/h 319. 60 371.33 407. 06 443.79
FARE t/h 385. 43 438.63 471.90 514. 38
ARG KTCE | t/h 14. 65 27.63 37.34 46. 20
PR KR | t/h 0. 26 0. 26 1. 41 2.45
BERSIRTE t/h 51. 33 108.51 147.83 184. 96
BERRIRUKITR | t/h 2.63 7.15 11.51 14.16
ANV ES % 72.92 73.07 73.18 73.39
iR ES % 71.87 67. 20 65. 07 63. 51
WIFEE [ kJ/KWh| 93290 9224.9 9069. 0 8939. 0
BIEJGER AL
I 100534.5 | 99646. 6 99456.7 | 101209.6
BIEGIRFER | kJ/kWh | 92911 9223.7 9071. 2 8395. 2
A3 3 4.

1E 9OMW fifef Tt 50t/h R ELM T, WA
LI FE A 99182.6kW, &M 15 MK LI R N
100534. 5kW; RIGIFER N 9329. 0kJ/kWh, ZAZIEJS )
PFERE A 9291, 1kJ/kWh; 358 = R ELACRE N 72. 92%, X
3 R RN T1. 87%.

76 9OMW 1 fif T4 100t/h R BT, WA
AL FE N 99169. TkW, &M IE 5 MK LI R N
99646. 6kW; I6HAFER Ny 9224. 9kJ/kWh, L5 1E )G (1B
FER N 9223 TkJ/kWh; ARIG R R ELRCR N 73.07%, 50
HHELRCE 67, 20%.

16 9OMW 7 fif Tt 150t/h R BT, WK
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HLHL I %8 99354, 5kW, 418 IEJ5 (19 R LI R N
99456. TkW; R HFEF A 9069. 0kJ/kWh, L& IE Jq (K4
FEZEN 9071, 2k]/kWh; RIS S EHLALE A 73. 18%, A
W R GLALR N 65. 07%.

1E 9OMW fifar T 200t/h EHGRE LT, WA
LI Z )y 100649, 1kW, LB IE)E K K HHLIIE N
101209. 6kW; RIGHFERA 8939. 0kJ/kWh, ZAEIEJEH
PFEARN 8895. 2k /kWh; X5 & R GLRLH N 73. 39%, i
55 b T ALRE N 63, 51%.

2.2 IRIHEHE XS LLANLE i

R4 WIAPCTHTIK: £ 165MV fifif CGEIE) T
T, PFEER K 8288. TkJ/kWh, EIEHELZEN 81.52%, Ik
96 b R BT RN 91, 87%; 7 165MW figes (B L F,
FEFRN 8407, 8kJ/kWh, RGN 84. 79%, I
JEFLRERAN 91. 11%. MG LS4 5. 76 165MW fidh
T 150t/h fE#R & & T, B HFERN
8630. 3kJ/kWh, ZMEIEfEHIFFEZR 8487. 8kJ/kWh; ik
R AR A 73, 79%, WRIGH RN 76. 51%. H
UL AI15 4:

F4 165MW EE. ;BIE. 150t/h T HRERN L

ikl 165MV (&) 165\MW (7D 165MW+150t/h
(RN &S 81. 52% 84. 79% 73.79%
R R R 91. 87% 91. 11% 76.51%
LY 8288. 7kJ/kWh 8407. 8kJ/kWh 8487. 8kJ/kih

RIGF . #4 HIATE 150t/h LB T, BEERE
BT LT AFERIE N,
150t W R B T FIAE S TR ettt
9200

9000 P L

o
8

SRAE K /KWh
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RHLAHIFER, ML PFEZR I I

3 [RESH

3.1 ERSEIM RS, HRMERK

#4 HURH IR, RSB RiR, 7R
AR RS R R HERE 77 AR 1A B
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R ) N2 2/ N, I8 3E 8N R I
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ORI R RoR, AR 150t/h A AT B L G g
9IMW~297MW JuFEIPN 6 MR TH T, FH#HEAEENTE
2. 30MPa~3. 54Mpa Z [A], F#ZEIRIRETE 536°C AitT; 8
I URIR IR PR E 2. OMPa, 320°C 245 2R, R T4
460k j/kg MBI, K HEHIKRL) 6234KW,

3.3 HIAFERL, S5EIAEMEM

WA TR, BEAE R T TITBE RRAR, A ARE
B0, 3EN R H BTRMIG H G 1) 2875 s BRI P R BT T
FIEZEWD . IR G N, SRR S S B
R Z | RSEARED, SRR TR, PR
TIREHIFER

3.4 NHBGH HERETE

LA GE I R, BT R EAR A SR, B2 T2
HlE PR, VREEALIL RIS AT BRI, HLALERE AL B 1
THRGFER . BE B A FAGfE CRE 5 4F, M T HLALAS B A
FERIM LTt

4 pLTETE

4.1 BRI

#4 HUARGER R, TR AR AR, H2
TGRS, R PRIZT R RS, HLAERE S
T B AT [F 2L Je KT o TSR Fe ML T 38 i ] £
1 MFTFTALMIA, 42 S I SEBR TR R, e 28RS
AR BTN, fERnE, RAERE s R E S, ]
TR G T R RE AR R . BAR T LU LR LA 5 T
HEAT B0

(1) MRSGE, It Hrpgh ke
WLSCH R 3N ITE AL

(2) BN, HIIPLARE;

(3) MRIEHERE A Bk PRIV E

(4) HREEHERE, MR ERE;

(5) $EE B AE AR .
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4.2 BOIRBRK

FEARMEAT RAB GG CART, 23 2 Stk 0 (9 [R] I
SERTBE R R U TSR, W DR T RO,
e He s A HE R T IRE R IR Z B R 414%
KWIE, #E—D5Ed mH s IR Rs TR, wA
ROg LA AR i o e T AR R, BRI
HLHIAAER

HETHRHPAA=AESER S H 0. 85MPa i fq s
1. IMPa~1. 2MPa. 1. 6MPa~2. OMPa. {H & ft#4&k 1
FEVE T TR AR, Gl S R I 1T R, SEAs
& T REUCEARZOR R, RORREAC T R, 1
T RFER

5 ¢5ip

)84 HLALCR ) R R pE RS SRR R R
TR WREE R ROK, s SO R A,
G IR AR 3T o 25 I LR e

6L A it T R FH R A A A A Y % DT T A 2 R
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RN, &3 EARIET7: 838 m s AR 47 IR
Mz, b TR R R

T2 B i 25 A WL R A8 T RIS VR R L3k 47 38 i T A
s MGBTAT FLAVR, 20k F 5 AR SRR 75 3K, e 289K
SR HEINR, ERRE, B mE S,
R R R R e E k.
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