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ABSTRACT: In order to meet the requirements of peak
regulation, the power load of the steam turbine unit changes
greatly. The heating parameters of the steam extraction from
the reheated steam pipe also fluctuate greatly. The
intermediate pressure (IP) cylinder regulating valves of the
steam turbine participate in the regulation to stabilize the
heating parameters. For a 300 MW steam turbine adopting
such heating mode, the regulation characteristics of the IP
cylinder regulating valves was studied experimentally under
power load of 250 MW and extraction steam flow of 52.20-

53.94 t/h. The results show that, as the opening of regulating
valves decreases, the inlet steam flow of the IP cylinder
decreases gradually, and reheated steam pressure increases
gradually. When the minimum opening of the IP cylinder
regulating valves is 24.97%, the inlet steam pressure of the IP
cylinder is 3.44 MPa, and pressure of the main extraction
steam pipe is 3.13 MPa. The maximum pressure ratio of the
high pressure (HP) cylinder is 3.13 and the minimum value is
2.65, decreasing gradually. The exhausting steam temperature
of the HP cylinder increases gradually, the highest is
331.76 C, the lowest is 312.97 “C. The efficiency of the IP
cylinder is gradually reduced, from 93.37% to 84.78%. The
steam enthalpy drops of the HP cylinder and the IP cylinder
do not change a lot. However, the first stage extraction steam
pressure and the HP cylinder exhausting steam pressure
increase. The flow rate of the HP and IP cylinders is reduced,
and the work capacity of the HP and IP cylinders is reduced,
resulting in the decrease of power load of 9.79 MW. The

safety operation index of the unit shaft system remains stable.

KEY WORDS: combined heat and power units; heating
retrofit; steam turbine; intermediate pressure cylinder

regulating valve; regulation characteristics
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Tab.1 Technical parameters of steam turbine

S A S BUA
FAIREJI/MPa 16.67 FEIRIESE/C 538
F AR R/ () 1021 IR E J1/MPa 3.34
FRAFRIRE/C 538 TGRS E/(Uh)  836/839(fHEFA)
3 4%+
WEGKEEC 27430 EERTIETT S
1B
WiE TS [k /kPa 4.90 WEKIRE/C 20
RER B A {RAERFE R/
N 905 7983.20
% /mm [KI/(kW-h)]
KB HVIRE/C 267.50 KIE AT J)/MPa 0.50
FUE DIZ/MW - 312/305(HE#)|VETE KB =/(Vh) 160

1.2 FHRABREEWMRERRS

MU R &t R RIEHR, ATHERES
BT A FRE, 246300 MW 2004178 1 a8
RETE EFT LR, AR 2 080 08T J5 0 4
BEVR, JRIEKEL B A KE S sk, B H O
PR S HON 1.4 MPa, 320 °C, i) ATk H
FUHVA S #01.1~1.4 MPa. 310~320 CHE R,
ML B IV &N 200 th, 2 AL B HhIA
S AT R KRR IR R ER . 2 AL PR
BTGV R — MR B NIRRT A8, S EE
IREXTAMIER, REfai w1 R,

TR IR
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Fig.1 Schematic diagram of extraction steam

heating system of reheated steam pipe
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Tab.2 Thermal performance test results under 250 MW condition
e TH1 Ta2  TH3 L4 TS 24 THl Ia2 LIm3 L4 LHs
R TS/ % 99.01 4895 3533  30.54 2497 R GLHESOS /(kI/kg) 3 023.47 3023.51 3026.12 3 027.83 3 034.82
RHENAEINIHE/MW 24943 249.59 24731 24569 239.64 | HEGIAEFEFE/(KI/Kkg) — 496.56 4956  499.08 498.44 503.28
FIRME/(Vh) 78221 779.33  779.01 77935 779.04 R HL AR % 9337 92,65 91.36 8934  84.78
FE UL 1/MPa 1678  16.69 1674 1679  16.75 | FHGMTEEE S1/MPa 227 2.40 2.49 2.64 3.13
FEVRIE/C 533.48 533.10 53581 532.85 531.76 T HAGIIR B/ C 522,52 523.13 525.82 52737 534.16
FEHRRIG/(kIkg)  3382.62 3382.60 3389.72 3380.71 3378.08| A EHE T E/(t/h) 53.94 5225 53.14  53.53 5220
FEEHESE I/MPa 3.02 3.07 3.15 327 3.65 | AR A J/MPa 1,11 1.10 1.10 1.10 1.10
FURECHEAIREE/C 31297 31432 317.60 32029  331.76 IR H ILAIRAEE/C 281.22 27940  279.64 282.80 282.61
FRECHEA S /(kI/kg) 3 024.34 302622 3032.09 3 035.46 3054.10 |JiisEat il D ALA R/ (vh)  57.67  56.07  57.17  58.08  56.65
R ZRTA B /(K /kg)  358.28  356.38  357.63 34525 32398 | /NAMNUKEWITIFEE/% 5061 49.98 5047 5097 5095
TR SRR /% 76.02 7631  77.00  76.06  75.80 |PUhFE/NEHLEESIESI/MPa 0.74 0.74  0.7360 0.73 0.73
L L 313 3.10 3.01 2.93 2.65 | PUdMZENAEHLERIRE/C 35077 35098 352.05 35328 356.54
TR R B/% 899  8.68 8.12 7.37 5.59 | DUdmE/NEMIBEA R/ (Yh)  35.61 3524 3535 3562 3530
FIERLBHRRE/(Yh) 61520 613.72  611.61  608.70 602.76 W% )1/ MPa 9470 9511  9.487  9.565  9.671
PUEFIEAE JI/MPa 275 2.80 2.89 3.03 3.44 —4h K J1/MPa 523 5.26 5.30 5.39 5.63
PR HERIRE/C 528.00 527.81  530.94  532.04 539.10 =4 J1/MPa 1.47 1.48 1.47 1.47 1.45
PR FTHEA A /(KI/kg) 3 520.03 3 519.11 3525.20 352627 3 538.10 VY4 & /3/MPa 0.75 0.75 0.75 0.74 0.74
FEFHESE /I/MPa 047 0.47 0.47 0.47 0.46 BHA A E J1/kPa 5.90 5.93 5.90 5.87 5.86
FPERTHEAIEE/C 28020 28022 28148 28231  285.56
#3250 MW LA T &M LIRS HE BAP K, FZEIRE W T, FLRrvEh 4k

Tab.3 Vibration data of each bearing under 250 MW

condition

oy AR DCS &R
AUOESIRIE/ M — REAHRIE/um — REAAIAL/(?)  JRIE/um
1X 95 75 39 96
1Y 49 33 92 51
2X 121 118 236 122
2Y 79 73 326 80
3X 37 32 215 37
3Y 45 40 304 44
4X 26 12 20 24
4Y 38 21 200 36
5X 79 68 218 77
5Y 43 32 321 41
6X 70 56 283 71
6Y 70 50 14 69
7X 26 11 138 27
7Y 9 5 181 10
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WE2FR. ATLVEH, 72250 MW T F, 49
JE R T FE 1 99.01% 1% 22 24.97% I, H R 6T it
IR R 615.20 t/h 4% 602.76 t/h, FEHFERIES
i 2.75 MPa F+ % 3.44 MPa.
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Fig. 2 Characteristic curves of reheated steam pressure,

intermediate pressure cylinder inlet flow and intermediate

pressure regulating valve opening
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Fig.3 Characteristic curve of high pressure cylinder
pressure ratio and intermediate pressure regulating valve

opening
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Fig. 4 Characteristic curve of intermediate pressure
cylinder efficiency and intermediate pressure regulating

valve opening

3.2.4 Ml S EMBE S
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JERLHERE /130, 15 25 & inE Hdh iR E
s REGLERREZR P R, SEWLAE. P
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Fig. 5 Characteristic curve of unit power load and

intermediate pressure regulating valve opening
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OUF, FRIRE E AR BN 52.20~53.94 t/h.
2 R B NF N 24.97% B, HR R SRR
71°83.44 MPa, i EGLEEA I E N 602.76 t/h, 5
PR B B 18 3.13 MPa. Al RS S
W, )R PR OE B e KAV 2 N 200 t/h,
WO R T TR R AT R BRI I8, HEARITEA
AE/NT 15%. fERISAIHERAERR P4 H] b, R
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% 84.78%.
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