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Study on steam flow and blast heating characteristics of the low pressure
cylinder of a steam turbine under zero output condition

Wang Hongwu'-?, Ma Tingshan!~, Xie Tian'?, Zheng Hao?, Lei Fan®, Jin Sen®, Man Jiufang®,

Wang Yaowen'*, Jing Xinjing'*
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2. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China; 3. China Huaneng Group Co., Ltd., Beijing 100031, China;
4. Xi’an TPRI Energy Conservation Technology Co., Ltd., Xi’an 710054, China)

Abstract: [Objective] To meet the deep peak regulation requirements of the unit, the steam flow state and the blast
heating characteristics under the condition of small volume and low flow rate after the zero-load transformation of
the low-pressure cylinder are analyzed, and related research is carried out. [Methods] Taking a 320 MW unit steam
turbine as the research object, the MSCAN global photogrammetry system is used to establish a three-dimensional
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flow field model of the single-channel of the lower cylinder with 7 stages of single blades on one side. Eight sets of
working conditions with gradually varying inlet total pressure are set. The H-O-H structured grid, CFX steady-state
calculation, IAPWSIF97 water vapor model and SST &-w turbulence model are adopted for calculation. The working
performance, flow structure and forced heating characteristics of the lower cylinder under different flow rates are
systematically analyzed. [Results] The numerical calculation results show that when the steam flow entering the
low-pressure cylinder drops to 7.19% of the rated condition, the last stage begins to output negative power. When
the flow continues to decrease to 2.91% of the rated condition, the low-pressure cylinder stops outputting power
and enters a zero-output state. At this time, the flow entering the low-pressure cylinder is extremely low, and the
low-pressure cylinder is in a forced heating state. The steam flow pattern in the last stage blade passage includes
the lower end wall separation zone, the stator blade separation zone, the last stage rotor blade vortex, and the casing
circumferential vortex, etc. At the same time, the position of the top of the rotating and stationary gap of the last
stage blade shows a strong forced heating phenomenon. The forced heating effect significantly increases with the
decrease in flow. When the steam flow drops to 1.05% of the rated condition, the average temperature of the last
stage stator blade surface is 312.75 K higher than the rated condition, and the average temperature of the last stage
rotor blade surface is 331.88 K higher than the rated condition. The maximum temperatures on the blade surfaces
of the last rotor and stator blades reach 761.58 K and 698.99 K. [Conclusion] After the steam turbine enters the
zero-output condition of the low-pressure cylinder, the working performance of the low-pressure cylinder
significantly deteriorates, the temperature in the final stage blade passage rises noticeably, and the working
environment of the blades becomes severely deteriorated. The rapid increase in blade surface temperature can easily
cause thermal fatigue damage to the materials, thereby reducing the blade strength. Therefore, power plants should
strictly control the deep load-following operation of the units. During the unit maintenance period, regular
inspections of the blades should be conducted to enhance the operational safety of the units.

Key words: low-pressure cylinder; zero output; forced heating; flow structure; numerical simulation
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Tab.2 Working conditions for steam turbine low-pressure
cylinder calculation

T AR /kPa HERIRFEC
TH 1 764 324.860
TH2 391 330.220
TH3 224 322.086
T4 4 56 320.211
T4 5 34 319.965
T 6 23 319.848
TH7 17 320.004
TH. 8 9 319.696

BUE B b a1 N e T R,
A 3000 r/min;  #f A E O e, R
9 00 BT[] E SO e i v SRS AR AR R A
HIL, 7EBNFER A S H X 352 H Mixing Plane 7772:,
PAERIETZ X 38006 L FE I A0 TR S0IRA . Fii . )
i WA TE ) S B R e A R B SR
HAR NIRRT . YIIRIEARR P KR E N
0.05 ms DUIIEREE THE WSSO L, R R SRR L
I JE R TP K29 0.01 ms PASRAS FEARE 4R
R AR, BASE TSI K258 72 he
13 ®ERZE




4 r YA A

WP

T O S L % 1 = 4 J L AT B B 4T 45 4 4 )
%15y % NUMECA 13.1 H11 Autogrid5 2144,
BT H-O-H Mg 73 2544, A2 IR GL 7 22
TIE R 7S AR A, & 2 s

Tyt 5 UM AN E 2R 1S e A () UL EC AR
FE, THEARRL NS AR BCR F T B o 25 A AL A% T
e BRI IR X, B H B A AT 5 55
AT LE 325 1) I R 1 R B T A AR T A A X A
WRAS T B s T S R I B TR X3, e O 2R A
BEATH 70, AT BT R RGN R S 1 A I
B, K, B EER T H-O-H MAEHI 450 [F]
I, Jude AV h S AR IR B A5 R A S HE R AR
£, SR AN 2 B i [X S A Kl oy Ak B 7 2, i
BEMIZE 1 Z Mk BE N 0.075 mm. FET Bk
R0 20 SR, YREC ML He 5T 5 365 38 3 11 2k D)
TRELA N 17296 15, F/MmEHART 200, 1B
PR, DRI RS b D FERE NS, 1
Wik oL vHE MRS U S48 2L (Grid Convergence
Index, GCD , ML R¥CH 17296 i), 2
MEFRTEARIN GCLEE/NT 0.5%, W HZM
6 FUAEE A2 LIRS N A% TG S«

2 RRHRE I EE R K SRR
Fig.2 Mesh generation for the steam turbine low-pressure
cylinder

THRBAY L AT AL B AR S TH R A CFX
180 VRFAHUICREL I AT TN /KZE <. B,
IRZERBA KL RE , KRN & ITAPWS IF97
Tk FR#E, 1EFE Steam 1vI ESLKZE S A AL
¥ Equilibrium Fraction “ & 4, W & ik #
Equilibrium Constraint ¥R AR 21 . A3 S A LB
o3 B TN HERf 1, I FE SST k-0 F7FEZEAF H TR
5.

N T SR VR RS ML R T 5 v 57 5 7 i HE
PE, 2R3 XFH T LRGSRV B ) v AR
5Z%E. W& 30, KEGEREITEES

ZHEMEREANEL 3%, ATV ST IEUE T
AP SUATIE

®3 REMELDH[REHRESSEEXT
Tab.3 The calculated values and reference values of single-
side inlet flow of the low-pressure cylinder

http://rlfd.cbpt.cnki.net

R THEAE/(t b SHAH/(th) R ZE %
TH1 338.715 347.743 2.596
T2 171.308 175.887 2.603
TH3 98.276 99.722 1.450
T 4 24.340 24.722 1.547
T s 14.684 14.722 0.255
TH6 9.853 9.972 1.191
T 7 7.193 7372 2431
T 8 3.546 3.522 0.692
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Fig.3 Working performances of each stage of the steam
turbine low-pressure cylinder
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Fig.4 Overall working performance of the steam turbine
low-pressure cylinder
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Fig.5 Velocity vector distributions at the periodic boundary
of single channel flow field of low-pressure cylinder of the
steam turbine
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pressure cylinder of the steam turbine
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