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Study on Operational Safety Protection Strategy
of a Steam Turbine Bypass Heating System

WANG Weimeng' , HE Xiaodi’, DONG Wei', SONG Yajun'
(1. State Grid Jibei Electric Power Co. Ltd. Research Institute (North China Electric Power
Research Institute Co. Lid. ), Beijing, China, Post Code: 100045 ;
2. Ulanqab Branch of Beijing Jingneng Power Co. , Ltd. , Ulanqab, China, Post Code: 013700)

Abstract: In order to improve the heating stability and safety of cogeneration unit under depth peak load
cycling, taking the flexibility transformation scheme of a 350 MW supereritical coal-fired unit as an exam-
ple in this paper, the influence of high and low pressure bypass heating transformation on the turbine se-
curity was analyzed. On this basis, the linkage control and protection strategies applied to high and low
pressure heating bypass valves of combined heat and power generation unit were proposed. The strategies
can realize the level limit of security parameters in the heating adjustment process of high and low pres-
sure bypass valve set, which can interlock high and low pressure bypass valves according to alarm, lock,
overdrive and protection levels. Meanwhile, the automatic and manual switching term of each regulating
valve under special working conditions was considered. Through the practical application in the case u-
nit, it is found that the strategies effectively improve the safety and reliability of normal operation and
working condition switching of the bypass heating system. When the lower limit of the unit’s electrical

load is reduced to 120.7 MW, the total flow rate of heat supply can still be maintained at 352. 1 t/h, en-
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hancing the depth peak load cycling and heat-power decoupling capacity of the unit.

Key words: combined heat and power generation, depth peak load cycling, heat-power decoupling, by-

pass heating, safety protection
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Fig. 1 Schematic diagram of HP/LP bypass combined heating systems
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Tab. 1 Performance parameters of steam turbine

i Y1 H/ MW 350
€ EZEIRE TSI/ MPa 24.2
e FZEIRIRIE/C 566
e 78R /t-h ! 1078.9
HE IAZEYUE S/ MPa 4.743
T HARFRIRIRE/C 566
HE HERANR 1/ MPa 0.45
U A e h ! 550
HE BT/ kPa 10
55 B i it/ % BMCR 45

x2 B/AREFZHAHIEERSE
Tab.2 HP/LP bypass heating performance

parameters

5 K 74% BHiE 30% #iE

FL AL AT FL 17 f
1o R 55 Bt 11 2895 6. 71/ MPa 24.2 18.81
o R 55 B 1 2RV C 566 566
(A0 SNBSS VA 34.3 277.3
T 55 T T 2805 .77/ MPa 5.275 1.971
o 55 s 28R/ °C 340.6 305.8
15 55 B s T K e 1/ MPa 10 ~38 10 ~38
ol HE 55 s D R K TR/ °C. 134.3 ~178.8 134.3 ~178.8
o5 PR 55 K B/ h ! 5.0 46.3
iG55 B30 1 Z8 75K 77/ MPa 4.747 1.774
IR 55 30 1 8RR/ °C 566 566
IR 55 B 3 1 78 VR i/t -h ! 39.3 324.0
IR 55 1 1 1 28955 77/ MPa 0.45 0.45~0.22
IR 55 6 11 D 78 YRR/ °C 200 200
G HE 55 B W 7R /K HE 1/ MPa 1.2~4.2 1.2~4.2
VR 55 B Wl 7K R/ °C. 38 38
R 25 B R K O /b ! 10.7 91.0
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Fig.2 Comparison of schemes for bypass

heating transformation
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Fig. 3 Factors influencing the safety of bypass heating transformation
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Tab. 3 Safety range of HP/IP cylinder’s parameters
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Tab. 4 Safety range of HP/LP bypass heating parameters
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F 7 5 R0 (M 25 | v R 55 s AL I iy 5 1R 55
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Tab.5 Summary of data of bypass heating conditions after case unit’s reconstruction

s % R RS 51 AR R S R 2 518 4 R )
T 1 TH2 TH3 T4 TH5 TH6
PLEH 1 45/ MW 140. 00 119.30 109. 90 140. 80 130.70 120.70
FAVRIREE/C 564.50 564.90 566.20 564. 80 564. 80 564.70
F 2K T/ MPa 16.87 14.62 12.70 17.53 16.05 14.79
TR E/t-h ! 556. 10 458.50 495.50 566. 30 525.80 474.90
1o 5 AL AR B i R VA it h ! 111.50 114.00 94.10 171.30 156. 50 134.50
1o 55 LR K i /- h ! 16.10 16.50 14. 80 23.80 21.30 19.10
o 5 S L AR R B/ %% 16.70 17.90 17.60 20. 60 20.70 19.90
R R L 4.12 4.05 4.20 3.85 3.88 3.97
i R B — B 5 B R 22/ MPa 1.20 1.00 0.90 1.17 1.07 1.01
fE G HRRR L/ C 307.90 304. 60 311.50 311.30 311.10 311.90
1o R 55 I I R ZR VR IR/ C 320. 50 314.80 303.90 312.00 314.00 309.30
FRHZEIRIREE/C 556.20 547.50 549. 10 559.50 558.00 553.70
FHZERET1/MPa 1.92 1.69 1.50 2.20 1.99 1.85
PHAZEIR I /mes ™! 75.00 74.50 75.00 75.00 75.00 75.00
ef R R T BE % 100. 00 100. 00 100.00 42.00 42.00 42.00
IS5 B A A 8 VA AL/t h ! 148.90 131.90 126.10 202. 80 194. 50 174.50
AR 55 i BB K S /- h ! 32.60 28.40 28.40 48.70 42.70 41.00
R 55 B LA TR/ % 22.00 22.00 23.80 25.90 25.90 25.80
oL H 7.47 7.96 6.20 7.62 8.08 7.82
rp RS DY B 5 B YRR 22/ MPa 0.19 0.17 0.11 0.19 0.18 0.16
/AR S5 LR B 25/t h ! -37.40 -17.90 -31.90 -31.50 -38.00 -40.00
PR GLHEA AL 1/ MPa 0.18 0.12 0.15 0.18 0.13 0.12
I 55 R LA S5 28R LB/ C 219.20 234.60 30.60 240.20 238.00 235.80
IR 55 s LA J5 7275 F1/ MPa 0.11 0.03 0.01 0.16 0.10 0.05
AL AL/ t-h ! 181.50 160. 30 154.50 251.50 237.20 215.50
R AT /e h ! 141.10 138.90 83.30 154. 80 127.90 136. 60
rhUEGLHER S 55 B AL R R/ h 322.60 299.20 237.80 406.30 365. 10 352.10
E T4 ) B EE/°C 66.55 66.73 63.20 66.58 65.95 64.68
SISy Ui/ C 55.75 56.88 56.73 56.58 56.78 56.40
1814 #%/ mm 0.23 0.22 0.12 0.22 0.21 0.21

FRAE TS H, e T00 N HLAL L 67 fmr 7F 30%
THA B T HER R R B 2y 85 vh, HIK S
AL HLLA AR A 2 109.9 MW (319% THA) i, HiTE
FCHEA A 83.3 vh, THZIT FRR, PRI A7 34k
SR S TR T 55 B A | B I 5 A
iRy 154.5 vh, BHGRRHE O A 814 4 FIRME
75 m/s (FRUEZLR H 60 ~90 m/s' 22 | #Ad i —
AT R b U S R Y S R T

FERRIE 7, DT B AR P AR ZE VR . Y b s o 1 1
FIHRBEAUE R T LT TR (42%) ,1F
T4 FHLA B 7T A 140. 8 MW I AHEE T4 1
SR N 322.6 v/h #2TFZ 406.3 v/h; 7E T 6
THLAR AR N 120.7 MW I AHHE T00 2 A8k k
A 299.2 vh $FF % 3521 vh,

AR G BIBLLH 55 8% BRI s TRV B b ey
], S B0 IR I IC R A B R R S ST, RSk
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ST EBE LA VPG PR 2RO PRz AT XL
LR | DL — 2 1 g ML 5% i A A ) O i 0

REJT o
5 % it

(1) 3 32 B 488 g e 5% I8 O 1 — &t S IR
55 1% BV AT S 3 v s G HE VR S R/ A0 R 5 B
PR TR EHR FE AL A% R R DA g B 17 AT 7 oK

(2) B HEGE TRV EE L5 B B AR A
KBTS E S A5 BT X 1o /AT 5% B T2
P b R T DR A SR /A1 55 B LA R 2 7
PERRI T i R RR A% 50 I A S B S R, T
FRARE A R OR AP GO B AR 5 B it
IR B TR 0 2% ERR IR T30 R 45 1 1 1 A
EIESERIRZIE S LN

(3) I AEZEBIHLAL P SE BRI A8 SCHE Y
PRI e ms A g T o AR R IE BT
TV % 4] S DR UEATL A VR 3 9] e vl 71 i
ATF% % 109.9 MW (31% THA)

(4) TEH IR A O e AR VR AN K
T 75 m/s WRTEE T, PR IR F s 2085, B
4 140. 8 MW (40% THA ) i s fitH i 406. 3 t/h,
T2 400 v/h 1 #R R S BR F 5K 5 R 97 T 4k S R
120.7 MW (35% THA ) i} i {3 B i 475 mf 2 15 78
352.1 t/h, JEZeH I b ol i ek i S PR
TR S VETEAG I 5T, DAaiE— 25 1 i 1L 41 5% {3t
P 1 TR 0 S AR i AR

SE Lk

(1] EART ARUERE, 2 B, 4. )Rk PR % 22 06 55 0 42 vl 42
AEVR RGO iL TS T ARS8 I3 AR 2022,37(7)
136 — 145.
WANG Xiangyu, REN Hongbo, WU Qiong, et al. Research on opti-
mal planning method of multi-source heterogeneous all-renewable
energy system facing carbon neutrality[ J ]. Journal of Engineering
for Thermal Energy and Power,2022,37(7) :136 - 145.

(2] XU &, Ja a4 SOV, ST REHLAE P Bt B RE VR TN 44 BE
PRI )], EAL TR ,2020,40(10) ;3134 - 3143.
LIU Chun, QU Jixian,SHI Wenhui. Evaluating method of ability of
accommodating renewable energy based on probabilistic production

simulation [ J ]. Proceedings of the CSEE, 2020, 40 ( 10 ).

(5]

(9]

[11]

SRR, R K. B ORI E AR T R BT L ) R ST Pk
BJ]. PEEAL LR ,2022,42(8) 2806 - 2818.
ZHANG Zhigang, KANG Chongging. Challenges and prospects for
constructing the new-type power system towards a carbon neutrality
future [J]. Proceedings of the CSEE,2022,42(8) ;2806 —2818.
R A, X 1. KR AL R VOGS TE R R
L. 1% H,2018,47(5) :8 - 13.
HOU Yuting, LI Xiaobo, LIU Chang. Flexibility reform situation
and technical application of thermal power units[ J]. Thermal Pow-
er Generation,2018 ,47(5) .8 - 13.
JEICE, B EL, BT A AL AR R RS ROR XS L[]
MK HL,2018,47(9) (115 - 121.
JU Wenping,LYU Kai, MA Tingshan,et al. Comparison of thermo-
electric decoupling techniques for heating units[ J]. Thermal Power
Generation,2018,47(9) :115 - 121.
WS, SO, TR, B PR A B TR BE 1R e I Al v A A
BT [ J]. RAESH ) TR ,2020,35(9) : 16 -21.
GAO Kuan, BAO Wenlong, DING Yangjun. Economical analysis
for a large-sized unit of steam extraction under deep regulating load
[J7. Journal of Engineering for Thermal Energy and Power,2020,
35(9):16 -21.
LR, 3 AR 022 S5, WUk H AR T 5 v T8 32 8 e B i A5t
PORBIFEHERET]. #BES 1 TAE,2022,37(8) :1 -8.
TAN Zenggiang, WANG Yikun,NIU Yongjun, et al. Research pro-
gress of deep peak regulation and frequency modulation technology
for coal-fired power plant under double-carbon targets[ J]. Journal
of Engineering for Thermal Energy and Power,2022,37(8) :1 - 8.
U E A, BRI VR AU R G55 A L A
TRESI AT [J]. AR HLEIAR ,2021,63 (4) :297 - 302.
WANG Zhanzhou,CAO Lihua, SI Heyong. Analysis on power out-
put regulation ability of steam turbine of low pressure cylinder by-
pass heating[ J]. Turbine Technology,2021,63(4) :297 —302.
JE L3, AR O YRR ML G A 5 IO A (R R T 5 [0 ] AR
db s A1 HAR ,2019,40(11) .1 - 4.
ZHOU Guogiang, ZHAO Shulong. Application of HP-LP bypass
system combining with heating technology [ J ]. Northeast Electric
Power Technology,2019,40(11) .1 —4.
FAAR. 300 MW LA F IR 55 B I & (A B S B A 1T [0 ]
FrhER AR ,2020,38(6) :561 - 564.
XUAN Weidong. Practical analysis of high and low bypass com-
bined heating system for 300 MW units[ J]. Energy Conservation
Technology ,2020,38(6) :561 —564.
T, XK A 330 MW VAR HL 5 I He 55 06 A5 it By FH 45
FE(1]. BJpiTH J7,2020,42(6) ;555 - 559.
JIANG Chunlei, LIU Yongli. Application on combined heating of
HP-LP bypass in 330 MW steam turbine[ J]. Heilongjiang Elec-



12

TAEW] 5 LS IR S

TIBAT % R RIS 5T

- 50 .

[12]

[13]

[14]

[16]

[17]

[18]

tric Power,2020,42(6) :555 —559.

IR 350 MW I FLLL 2 %R 55 B BB R AT (1]
MEITH F1,2020,42(3) 1256 -259,263.

WANG Haicheng. Analysis of high and low pressure bypass heat-
ing technology for 350 MW supercritical unit[ J]. Heilongjiang E-
lectric Power,2020,42(3) :256 —259,263.

PR . K UL R B AT R OCHEE AR BT S [ D] bt 4
A IR ,2019.

GAO Yaokui. Research on key technologies of flexible operation
control of thermal power units[ D ]. Beijing: North China Electric
Power University,2019.

XU BN, BT, AF AR IR LB O s ) 3
B[], AT A HL,2020,49 (11) 1126 - 132.

LIU Chang, GENG Linxiao, WANG Heng, et al. Control strategy in
transformation of high and low pressure bypass combined heat sup-
ply[J]. Thermal Power Generation,2020,49(11) :126 —132.
TR BB, ) &, S B BE R TR IR 0 TR K
AL S 3 B Skl SR g BT S S T[], T kv,
2023,52(2) ;136 — 145.

XING Zhiwei,KANG Jingqiu,LIU Lei, et al. Research and appli-
cation of automatic control strategy for bypass heating of thermal
power units under deep peak shaving and heating storage condi-
tions[ J]. Thermal Power Generation,2023,52(2) :136 —145.
RERIIE oA, B I G AR LR AR 55 B I AT
i 5 350 MW LA ERGRIHT (1], #8700 % A, 2018,47 (5)
101 - 105.

XUE Zhaonan, YANG Rongzu, WANG Ting, et al. Application of
turbine HP-LP bypass system combining with heating in supererit-
ical 350 MW unit[ J]. Thermal Power Generation,2018,47(5) :
101 - 105.

K BRBER] w25 2 AL 2 A SR R R U
FLEFTHER B LA T [ T]. IR HLEI AR, 2021,63 (6) : 448 -
450,457.

SONG Hao,CHEN Xiaoli, GAO Jilu,et al. Study on the technical
route of multi-mode deep peak-shaving cooperative operation of
multi-heating units[ J ]. Turbine Technology,2021,63(6) :448 —
450,457.

BOHLH RE

M, S DU R T R A o T 6

[19]

[20]

[21]

[22]

WI2 AT RAGPEFRINT [T]. iy R ot A 31k, 2020, 44 (2)
164 -172.

ZHANG Yan, LYU Quan, LI Yang, et al. Analysis on operation
flexibility of combined heat and power plant with four improved
power-heat decoupling schemes[ J ]. Automation of Electric Power
Systems,2020,44(2) :164 - 172.

PEF R, IKRPEA], 254555, 45, LT Ebsilon M EANLLE R 1 Pk
HHEBFFEL )] RAALEA,2023,65(2) 114,127 - 130.
PANG Chunfeng,ZHANG Deli, LI Xiangyong, et al. Research on
flexibility modification of heating unit based on Ebsilon[ J]. Tur-
bine Technology,2023,65(2) ;114,127 - 130.
AN, XUACHR A IRER, 45, 200 MW HLA1ZE 755 A0 L il
REIEAG[T]. #4914 10,2018 ,47(10) ;90 - 95.

HUANG Jiasi, LIU Yonglin, FU Yiwei, et al. Thermo-electricity
decoupling capacity evaluation of steam bypass for a 200 MW
power unit [ J ]. Thermal Power Generation, 2018, 47 (10):
90 -95.

PRIER] kst 8 ), A5 Sl I8 B VA W Ak L L 20
PERESE IR M T ). $ARES) ) T ,2020,35(12) 226 - 30.
CHEN Xiaoli,GAO Jilu,ZHENG Fei, et al. Comparative analysis
of various deep peak regulation modes for thermal power units
[J]. Journal of Engineering for Thermal Energy and Power,2020,
35(12) :26 - 30.

LA KRR 2R 5 2. TR AT H IR L AL 3 i O 4
T Ik (i47) [ EB/OL]. 2023 - 06 - 25. hitps ://hbdre.
hebei. gov. en/ndjh_1231,202309/120230906_82119. html.
Hebei Development and Reform Commission. The measures for-
regulatory capacity promotion incentives of thermal power unit in
Beijing-Tianjin-Tangshan power grid ( for trial implementation )
[EB/OL].2023 - 06 - 25. https://hbdrc. hebei. gov. en/ndjh
1231/202309/120230906_82119. html.

GB 50764-2012 1) S B HHLE L ST

GB 507642012, Design code of power piping for power plant[S].
DLT 50542016, ‘k 1 & H )RR BB HEARME S]. DLT
5054-2016, Code for design of stream/water piping of fossil-fired
power plant[ S].

(E384r HiE)



