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Abstract: The internal flow and temperature rise characteristics in the last stage of steam turbine low pressure
cylinder under low flow rate condition is quite complex, which makes thermal power peak load regulation and cut-
off transformation more challenging. By taking the low pressure cylinder of a steam turbine in a power plant as the
research object, a five-stage cascade single-channel calculation model of the low pressure cylinder was established,
and the working performance, flow structure and temperature rise characteristics of the low-pressure cylinder under
different working conditions were numerically investigated. The research shows that, when the flow rate of the low-
pressure cylinder decreases to 3.84% of the design condition, the low-pressure cylinder outputs no positive power.
When the flow rate is quite low, the low pressure cylinder enters the windage condition, and the flow structures
such as the hub endwall separation area, the vane separation area, the casing torus vortex, and the last stage bucket
vortex appear in the last stage cascade, by concomitant of obvious windage heating effect at the tip position of rotor-
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stator clearance area of last stage cascade under low flow rate condition. When the flow rate decreases to 2.23% of
the design condition, the average surface temperatures of the last stage vane and blade increase by 219.6 K and
243.7 K, respectively. The working performance and internal flow structure significantly change under windage
condition. The temperature rise in the last stage cascade deteriorates the working environment of the blades, which
needs to be taken into consideration when the steam turbine works under low flow rate condition.
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Fig.1 Computational model of the steam turbine low
pressure flow passage
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Tab.1 Geometric parameters of the steam turbine cascades

T I F SEE I E /mm P EAE/mm

et S1 192 104.81 1860.12
wim

FhH R1 180 113.92 1 865.46

it S2 142 135.72 1879.90
wowm

EhH R2 120 151.92 1901.61

et S3 122 181.08 1925.78
wam

shH R3 100 214.97 1963.50

- S4 84 297.23 2 042.50
wam

s R4 98 350.32 2 080.20

it S5 68 548.02 2 263.40
w5y

EhH R5 80 678.34 2 311.56
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Fig.2 Schematic diagram of the computational mesh

43 ) DA R 688 8 3 B 5 1P 58 R S fe
B, TR TR 43 3% 3 AN [F) T 25 501 A 1
$43E% (grid convergence index, GCI) 242813k 471+ 44,
SER AR 20 fHF 2 AL, RS RN 11.79X
10815, DL 2 MEFRTHEAF I GCI{E 4/ T 0.5%,
A A I P RS A2 DAIR TS IR oG, DRI iE
X EMAG AT G 8T .

1 ANSYS CEX BAE RS AL L Fd i
WMHHATHE . REVURESRLF, 2Kk E TR
PIEEL, N EIF RO AR R, ERRET
IAPWS 1F97 Tl b ) FLSE /K 28 <Y Steam 1vl
PERTHE L. T#E 4 N-S B3 (RANS) 4
12 N FH i e B AR, A% RANS

15 SST k-oo #5578, DAHERA TN B 70 B -

% 2 FEIMAEHIETEY GCI &
Tab.2 GCI values for different grid numbers

W U (>406) Timlkgs?y)  GCI% REK  GCI%/%
7.75 100.256 1.131 319.985 0.673
11.79 101.685 0.440 322.464 0.277
17.94 102.245 323.486
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Tab.3 Boundary conditions of different cases

T A H & JE/kPa BERIREIK B wE/(thT)

1 489 549.75 366.048
2 457 550.55 341.532
3 354 556.45 262.188
4 252 532.15 190.332
5 209 519.05 159.624
6 24 531.45 16.596
7 21 531.75 14.040
8 15 531.35 8.172
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Fig.3 Working performance of each stage of the low
pressure cylinder under different working conditions

M 3 AT L, AREET & IR % i
BRI ORI AR L B 32 N 1 PG
MRFSLI N . TR M2, B 3a)+ T 6
AR PH Mk B Th 2 e 6, T Lol 7 5 L0 8 R
=M R, BT AR I TR SRR R L,
AT P o O AR g o RN, TR
EEE. TRmE D, LR TZREHR NI
AT A 2 LASCREZ S Al LA 3 000 r/min 1)
e .

Blagi 7 & TR, REHUR RS IR T
VEVEREFEbR . 11 da)m] WL, Bl 3t 5 R P4, @
TR, BN o 8, XM ELI N
T CTW 1) 1Y 2.23%. [F)I 6 5 25950 & 1k
N, ARERTRAR M DI RFSE TR, IR S =k
INEERE T 3.84% (T 7) B, KRG IEAA S
B AT, R VREE R R G 7 © 3l 7

http://rifd.cbpt.cnki.net

WU AR AR IR, 5 ZAE B AR A K
HERFICIE WA . ARSI, iR SiE
MIAAC I F, BRI BYLE R 5%
AL R0 U o 26 I B 0 S R AR DR AN AR T )
RAEFEE . XU N OB R (T 1—
TBL5), AT AZERE T BRI AL e
WS, RN BRAERRE 90% L .

101.68

—
~ =3
wh (=]
T T

B EAWE/(kgs™)
w
=3

251
" 2 3 4 5 6 7 8
i
a) #8 JH i
59.3432
60 55.0247

HrH Th /MW

T
b) H i T
100-94.4713 94.7079 94.6327
94.595 | 94.564 1
s
5 80fF
ié
%
gam
42.6782
40 1 L 1 1 49'727 J
1 2 3 4 5 6 7 8
i
) B ML %
100 ~89.6450 92.008 4 91.1090
90.3309 92.0190
£ 751
5
#
2]}3 50F
=
& 25F
6.4005
0 1 L 1 1 1 1 1 ]
1 2 3 4 5 6 7 8
T
d) 3 RLE =

B4 FLRRETEATEERE
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cylinder under different conditions
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Fig.5 Velocity vectors at low pressure cylinder flow passage
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Fig.6 Temperature distributions at low pressure cylinder
meridional surface
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