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Numerical Study on Flow and Windage Characteristics in Low
Pressure Cylinder under Cylinder Cut-off Conditions
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Abstract; In order to study the operation capacity of the low-pressure cylinder cut-off condition, the
three-dimensional numerical model of the single-channel flow field of the eight-stage cascade of the low-
pressure cylinder was established by taking the low-pressure cylinder of the stream turbine in a domestic
power plant as the research object, while the internal flow structure and aerodynamic performance of the
low-pressure cylinder under different inlet flow rates and the windage heating characteristics of the final
moving blade were analyzed. Results show that with the continuous decrease of the low-pressure cylinder
inlet flow rate, the exhaust backflow and steam flow separation occur at the exhaust outlet and in the last
stage cascade accompanied by the negative attack angle at the inlet of the rotor blade ; when the inlet flow
rate of low-pressure cylinder is reduced to 1.19% , the work done by the working medium cannot com-
pensate for low-pressure cylinder rotor rotational work, and the whole machine of the low-pressure cylin-
der cannot output power; when the inlet flow rate of low-pressure cylinder is reduced to 7.44% , a local
high temperature region is appeared in the dynamic and static interface of the last stage channel near the
top of the blade and in the last stage rotor blade channel near the top of the blade, which is manifested as

the windage heating effect of the last stage rotor blade under the cylinder cut-off condition; meanwhile,
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the last stage stator blade windage heating temperature elevation is significantly higher than that of the ro-

tor blade, compared with the rated condition, the maximum temperatures on the surfaces of the last stage

stator and rotor blades under the cylinder cut-off condition are increased about 105.96% and 71.91%.

Key words: low-pressure cylinder, cylinder cut-off condition, windage heating, numerical simulation
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Fig. 1 Calculation model of single-channel flow field of

low pressure cylinder of steam turbine
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Tab. 1 Geometric parameters of cascades

at all stages

g % MR MR CEEMR/mm PEEAR/mm
1 S1 232 62.33 1 663.50
R1 212 66.63 1 675.70
2 S2 232 75.52 1 692.44
R2 218 77.88 1 710.03
3 S3 210 88.78 1.728.90
R3 195 93.43 1745.95
4 S4 180 116. 66 1 786. 14
R4 184 128.24 1 811.53
5 S5 154 150. 04 1 847.60
RS 150 173.83 1 884.59
6 S6 142 216.93 1941.89
R6 138 253.93 1 986.70
7 S7 58 389.18 2129.18
R7 64 511.03 2251.03
8 S8 48 791.02 2 463.73
R8 55 948.50 2 548.49
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Tab. 2 Calculation cases of low-pressure cylinder

To AR EJE/MPa AR GMR/C FIXS BT i i %
1 1.161 0 372.200 100. 00
2 0.547 3 360. 700 46.29
3 0.342 8 355.000 29.49
4 0.086 5 347.170 7.44
5 0.0553 346. 880 4.74
6 0.0415 346.755 3.55
7 0.027 8 346.627 2.36
8 0.014 3 346.501 1.19
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Fig. 2 Overall and local grids of low-pressure

cylinder of steam turbine
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Tab. 3 Calculation error analysis of average exhaust

flow rate and RS surface temperature of the last

stage rotor blade under different grid numbers

MRSE T R /mesT R/ % /K R/ %
736 613.264 0.085 86 333.224 0.056 99
974 613.632 0.025 90 333.322 0.027 59

1212 613.777 0.002 28 333.393 0.006 30
1 450 613.788 0.000 49 333.406 0.002 40
2 000 613.791 0 333.414 0
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Tab. 4 Comparison and verification of intake flow numerical

calculation values and engineering design values

A CER T X THREHAE/ w2/
T
t-h! t-h! %

1 350. 824 332.730 5.438
2 162.403 154.926 4.826
3 103.450 98.811 4.694
4 26.085 24.809 5.143
5 16.631 15.809 5.199
6 12.448 11.809 5.409
7 8.291 7.809 6.174
8 4.175 3.809 9.607
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Fig. 3 Internal flow field structures of the last two stages

(e) THL7

of low-pressure cylinder of steam turbine

R T SE PRGN M I LY T AR A
DR T A G 970 38 AN [+ s 8 o A A 9 % 42
SXof AN i) s G A 1 8 2 o o A R AT . AR Sy
TEL 5% F1 95% i i A5 1A A 2R AR S L A 1903
FEL, S [) I g 78 T 170 38 3 25 e o A AL 4 s . A
B4 WL T T A0 3 400 R, ARG A i
A BIRF , WATELE VI IO, AR - 2 T 37
YRR )00 . 24 R R B 7. 44% BUE TR
T, BT 4 B, A 3 T AR R T X 3R
A IR BT #5083, A CI b 22 4. T4% #i e
Pid, B0 T00 5 B, FEAR G s it A Ak & AR YRR B I
o BEE MG EEDA D A — 25 B AR, 7 0
PRV IR L DX 330 T 1 K 5 R T, R G i
NIRRT IR SRR A D E R e, A
CI IR 3. 55% & e i i, B T2 6 B, K 9%
P I O X3 ) TR T 0 9T 1 R P R R R
XIREFZ R 12 WH R, A LR/ T0
8 AT X I K 28 3 A A % i P 3 g I 0 X3
I Fsf PR X 2 SRy 35 3R 97, P T 2 3 T AR X
Sl A B v T 3 /N ] ) ZRVRTE
Bl P4 1 7 1) A TR



o5 3 1]

WEAR , 45 AR BT UIEL T 00 VR 8l -5 S WU PR 5T - 137 -

HEU/m * s

(e) THL6

(f) T8
4 BRVREHFREHMARNREERNIES

Fig. 4 Flow structures of different blade spans in the last

stage cascade of low-pressure cylinder of steam turbine
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Fig. 5 Performance indicators of each turbine stage
of low-pressure cylinder of steam turbine under

variable operating conditions
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Fig. 6 Overall performance indicators of low-pressure
cylinder of steam turbine under variable

operating conditions
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Fig. 7 Temperature distributions on meridian surface of

low-pressure cylinder of steam turbine
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Fig. 8 Surface temperature distributions of last

stage rotor blade
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variable operating conditions
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