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Transformation of a small steam turbine for a 660 MW

indirect air cooling unit
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Abstract: Under the high back pressure working condition in summer, the unit load will increase. The small steam tur-
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bine of a supercritical 660 MW indirect air cooled unit drived by four-stage extraction steam could not meet the demand of
feedwater pump shaft power. The opening of the small steam turbine high-pressure regulating valve was too large, and the
spare cold reheating steam source impeded the four-stage steam. By analyzing operating parameters and performance
tests, the reasons for the insufficient output of the four-stage extraction steam for the small steam turbine were deter-
mined. A reform scheme to increase 30% flow area of the small steam turbine was put forward. After implementation, the
output capacity of the steam turbine was improved, and the load capacity of the unit was increased in summer, and coal
consumption decreased by 5.94 ¢/ (kW + h). The scheme is of reference meaning for the design and model selection for
indirect air cooled units for its economic and safe benefits.
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Fig.1 Indirect air cooling system with surface condenser
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Tab.1 Small steam turbine operating data

Ti H TH1 THL2 TH3
A/ MW 620.0 656.2 661. 1

THA/TRL #1175 J£/kPa 12.7/12.8 16.0/16.7 20.2/20.5

U B 41755 1/ MPa 0.837 0.907 0.947
VY B hl R L/ C 352.4 358.5 360.2
DU B A A MR
110.9 63.6 5.2
W/ (t-hh)
. K E 1/ MPa 0.787 0.947 0.977
/JI\ R/ C 351.2 272.5 269. 1
%E TRV IR TF B2/ % 99.6 99.6 99.6
b 2R T B/ % 10.6 55.9 55.4
° HEEJE 1/ MPa 0.777 0.837 0.967
AN BERIRE/C 352.1 357.4 270. 1
/: 6K 37 A FF 5/ % 85.2 89.1 99.7
B 5V R T/ %6 0.0 20.0 46.5
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Fig.2 Broken steam filter of main stop valve
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Fig.3 Broken trailing edge and worn

shroud of blades
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Fig.4 Relationship between the flow and power
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Tab.2 Test data with fully-opened low pressure

regulating valve in No. 1 turbine

R T T4 TH5 T4 6
i/ MW 620.0 600.0 514.0
F:3 5 F1/MPa 24.1 24.1 22.0
RV IR TF e/ %o 99.0 99.0 99.0
VR JE )/ MPa 0.866 0.862 0.746
HER R/ C 353.6 354.5 354.1
HEILA/ (m® - kg™!) 0.329 0.331 0.383
PR/ (L h ) 59.49 59.25 51.60
S A/ (K - kg™!) 3168.8  3170.6  3172.1
P /kPa 15.4 21.2 28.5
Hes A LG/ (kT - kg™')  2398.8  2445.4  2511.2
BAH AR/ (KD - kg™") 770.0 725.2 660.9
HER LI/ (k) - kg ™) 2560.1  2587.8  2643.0
RN/ (K] - kg™!) 608.7 582.6 529.1
K FEREH/ (r - min ") 5231 5153 4778
YK TR/ KW 9978.7  9508.9  7502.0
BUARIR 2/ kW 80 80 80
JNRES DL T2/ kW 10058.7 9588.6  7583.0
HAXT IR % 79.05 80.33 80.05
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Fig.5 *1 Operation data of modified small steam turbine
under high back pressure (2012 —08 —22)
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Tab.3 Economy of small steam turbines using cold

reheat steam and four-stage extraction

B JU
FEHEFE/ (L) 2100.00 2100. 00
5 JE/kPa 28.0 28.0
INFERIZETOR R/ (1 h ) 170. 00 134. 00
INESHLTER/ MW 22.8 22.8
PR R/ (L h ™) 1601.00 1771.00
o LA AR AR (KT - kg ™) 387.0
PRGN 2/ MW 18.3
MRERHA R/ (1o h ™) 1436.00 1472.00
MRIERLAT B/ (K) - kg ™) 683.0
R ELE 22/ MW 6.8
EHLHR/ MW 635.0 660.0
HAEE/[K) - (K- h) '] 8695 8520
PFEZE/[KT - (kW - h) '] 175
MFEF/ g+ (KW - h) ') 5.9
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TRIR, FEAHE Y B2 T, B 2.5 x
10* kW -+ h 4550 25 (= 0 g/ i 15 1) TOLis 1T 4 A4
Al bk =2.5%10* x120 x24 =7.2 x 10’
(kW « h) o QSPRUEHLALE H J738 15, ML Al 1134
FESG N 175 KJ/ (kW « h), bR fEBEFE S n 5. 9
g/ (kW « h) JEHEFTHEFT 4 4 H bR ifESE 400
JU/CTTREL BHAERE INE 1T AR 2 400 x 5.9 x 120 x
24 x66/100 =448.5( Ji ) . HEHLLL 2 &/NEE
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HALA G IS T4 sk as B .
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