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Analysis of the Influence of HP-LP Bypass Heat Supply Reformation
on Unit’s Peak Shaving Capability
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Abstract; In view of the problem of insufficient peak shaving capacity during the heating period of the
cogeneration unit at current stage, the reformation scheme of HP-LP bypass system combining with heat-
ing in a 350 MW supercritical coal-fired unit was introduced. Based on the actual operation data of the u-
nit after the reformation, a detailed comparative analysis of the operating characteristics and peak shaving
capabilities of the unit before and after the reformation was carried out. The results show that after the
HP-LP bypass heat supply reformation, the lower limit of the unit’s electrical load peak regulation can be
reduced from 230.9 MW to 161.4 MW with a reduction of 30. 1% , by ensuring the heat load of the unit
during the heating period is satisfied and the flow rate of reheated steam in hot section do not exceed the
limit; when the two middle pressure regulating valves of the case unit are closed to 42% , the lower limit
of the unit’s electrical load peak regulation can be further reduced to 140. 8 MW ; the proportion of bypass
heating steam increases from 56.3% to 61.9% with an increase of 5.6% . The peak shaving capacity of
the unit has been further improved.
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Tab. 1 Thermal performance table of case unit

ki (e
2R THA T.i%

T 1 TM2
HLAL 171 far/ MW 350.0 279.0 230.9
FREE/ R 1078.9 1182.4 959.0
F2 95 £ 71/ MPa 24.2 24.2 24.2
FIREE/C 566.0 566.0 566.0
FHGER R/ 847.7 951.8 774.3
FIEIRE S1/MPa 4,743 5.145 4.235
PGRRIRE/C 566.0 566.0 566.0
FBHHIRUE S/ MPa 0.451 0.450 0. 446
FLBAhRIR I/ C 244.2 234.7 243.7
FAh AR PR/ ! 0 550 400.0
BER T/ MW 0 352.0 258.7

1 Al LIFE H, HL4 THA T80 F B g
350 MW, Fz8A 0 1 078.9 tv/h, R AZE A it
k7 847.7 v/h, &2 (LR T HE F A 4 279.0 MW, 34
ffar 352.0 MW, SRIEHVAEIUE F 18 0. 45 MPa, i
FEFIVAHE A 550 v/h, PR AR PR K B THAE | Rl oK B
130 F170 °C o AR ML A 2y 10 far 15 0, A4
HERRA M e 258. 7 MW (fiERudl 7352 400 v/h) BJ
ARSI R T S A ARG SR I AL 2 ) SR /N
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SEAET BT LA PR IR R

2 HIERFRNA

FOINLA IR T 45% S by o K% 2L 78 K i
( Boiler Maximum Continue Rate, BMCR) 2 1Y 51 fi%
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Fig. 1 Schematic diagram of HP-LP bypass system combining

with heating reformation of case unit’s thermal system
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Fig.2 Variation trend of steam turbine axial displacement

under different flow deviations

O S, AL A8 P B PR ZE VR E A AP R BRI
Oy, — BRI S5 I 1 s BE A BRI T
HLALIS A5, 75— B AR I e 55 e 1 2 Dol ol s )
5 BRI G G AR 2241
PLE B e, S AR IILZE 1) 8 0 T B R e il i<
PRI AN LIS, 0] I o e 55 B 1 B ARG 1 5% g 2
[ R P90 2 12 B 22 119 26 975 2 LA L i £ i T A B
AR, FLBER WS K, Al LS /N
R 55 B, 0B 55 A

g5k ™ IE RN LR
—o— fEHESN TR »
sor "
\
E \
§ 70 \ |
65 '
s PNy
60 - ° .
o«
55+
1 1 1 1 1
-50 0 50 100 150 200

temperature under different flow deviations

R S5 B U B 22 e - !
3 ARRERETRENENTRETHESE

Fig. 3 Variation trend of steam turbine thrust pad
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Tab.2 Summary of heating-related data of case unit

under different electrical loads

ZH ZNGERR

HLEH v f fer/ MW 180.5 161.4 140.0 119.3
PR LR IR/ - ! 326.2 330.7 322.6 299.2
ie [ 55 IR T B2/ % 7.5 9.3 16.7 17.9
i R 2% [ PR R 7€ Vi /L h ! 64.7 79.3 111.5 114.0
7o I 58 R K A/t h ! 9.8 12.8 16.1 16.5
RS2 0% 10 2 TFEE/ % 10.3  12.7 22.0 22.0
REZE B 2 Bz t-h~! 100.1  119.0 148.9 131.9
MR 5 2 IRk iR /t-h ! 18.4 24.6 32.6 28.4
e PR AIE VR B/t h ! 118.5 143.6 181.5 160.3
SRR R R % 36.3  43.5 56.3 53.6
B IZEVRE )/ MPa 2,43 2.25  1.92  1.69
B GEIRIREE/C 561.4 550.3 556.2 547.5
B HGEVR R /m - 57! 66.5 68.0 75.0 74.5
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Tab. 3 Summary of heating-related data of case unit's peak

shaving lower limit before and after reformation
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Tab. 4 Comparison of main heating data of the unit before

and after middle pressure regulating valve adjustment

2 Bt} el
ML L i frr/ MW 230.9 161.4
PR R I R/ h 400.0 400.0
i BRI A/ h 400.0 186.8
SRR/t h ! 0 213.2
ARV E )/ MPa 4.23 2.25

B RV B/ °C 566.0 550.3
BRI 3/ m s ™! 53.0 75.0

M3 TR (1) SOERT, 7EARIER R R
IRV N 400 vh TG LT, HLAL L B far 0] T e fIR
AIREZE 230.9 MW, 2k 25 B ARG L 170 o o JC 325 DR IE
BN RV (2) DL BT 5 (R 55 B ek
ST, HLZH L 17 AT ] B AR AT R & 161, 4 MW,
SR LR IR R 213.2 vh, (5 E6iA 53.3% 4k
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BLA R A AT, (H P PR VR U o 25 o 15T B 2
245847 0 B 75 m/s; (3) oo i, 3R B
PRV BN 53.0 m/s, TEAR T3 Be 44 i il %
SAEATHIAE . BRI AILZ 67 A A v L A
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A 3 o A R A 55 B T RE LA PR TE A s A
PR BRI 55 LRI B IR 1 2 3

2 RS 2
HLEH L B fif/ MW 140.0 119.3 140.8 120.7

PR AR R/ th ! 322.6 299.2 406.3 352.1
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50 R 55 s 16T B2/ %o 16.7 17.9 20.6 19.9
BRI RE/h 1115 114.0 171.3  134.5
5 T 58 R K i/ h 16.1 16.5 23.8 19.1
TG B2 1) 2 FFRE/ % 22.0 22.0 25.9 25.8
IRJESE I 2 A6 /t-h ™! 148.9 131.9 202.8 174.5
MR 2 IR /K R /t-h ! 32.6  28.4 48.7 41.0
BRIV /- h ! 181.5 160.3 251.5 215.5
S B R /% 56.3 53.6 61.9 61.2
B IR VR K 1/ MPa 1.92  1.69 2.20 1.85
B GRRIELE/C 556.2 547.5 559.5 553.7
B G /m s ™! 75.0  74.5 75.0  75.0

HIZe 4 AT LA i (1) ZEALA H 57 A ] 09 1
BT 38 /N H RS VR 0] i B R R A
FE 7, DN AE 5% A B2 VR B N A8 (1 0 A Ak e
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IF, F TR IR /N 42. 0% , B HGE IRR
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Fig. 4 Comparison of peak shaving capacities of unit

in heating period before and after reformation

5 & it

BEXT H AT AR I AL TR I RE A 2R
[V, AR SCLAHE 350 MW il AR IERILLE Sy S8 491, A
207 Horm A s 55 B R M3 O 38, 9 LA G S5 PLER
(8 S Bz A TR S B A, X 0 FT S AL s 1Ty
PEFIE W BE ) BEAT T 1F A0 09 X5 bE 43 A, BIF ST 45 2R
EiF

(1) WLALHEAT w25 B A A i ), 1247
o PP A L e AP 2 R W 25 7E - 60 ~ 190
vVhIEEA, DLRIE IR B 2R A E s BOsE s, fE PR
TEALAL ARG AT O B0, HLAL R ffir i i T
FRA] i A 230.9 MW &S 161.4 MW [#AI5 30. 1% ;

(2) R VR 20 A a4 e PR B AR
PO St — A2 4 55 B LB, S5 R BIHLAE A
RS IR5 VRT T I RO & 42% B, HILZH Fa 671 far i T
FRATHE—20 B 25 140. 8 MW, 3X = %245 25 T 55 [ fit
PRI

(3) H T VT T 2 X AL AR e T R
SRR 3, 5 R0 Ak SE R AL 20 PR R 0
B, AT 2% pEot v R 0 A T HEA T R, S R R AR
TEVTTHITIRE , LAt — 20 P R B VU T 42
B i 10 T 55 B AL BRI T

S

(L] AT RN, R o, . T 1) B o T 22 U 5 o 4 ] 20

136 - 145.
WANG Xiang-yu, REN Hong-bo, WU Qiong, et al. Research on op-

timal planning method of multi-source heterogeneous all-renewable



5 8 1]

e

A RS AL

oA i Xt AL VRS FE 7 S o0 B

- 175 -

energy system facing carbon neutrality[ J ]. Journal of Engineering
for Thermal Energy and Power,2022,37(7) :136 —145.

X, T, A0 SORE. JE T BEALAE 7 R0 A 3T AR U5 24 ik
IV 7 o [0, o b BL T 2 R, 2020, 40 (10)
3134 -3143.

LIU Chun, QU Ji-xian, SHI Wen-hui. Evaluating method of ability
of accommodating renewable energy based on probabilistic produc-
tion simulation [ J ]. Proceedings of the CSEE, 2020,40 (10):
3134 -3143.

SRR, R . B R AR AL T R L ) R e e A
] E LT RS ,2022,42(8) :2806 - 2819.

ZHANG Zhi-gang, KANG Chong-qing. Challenges and prospects
for constructing the new-type power system towards a carbon neu-
trality future [ J]. Proceedings of the CSEE,2022,42(8) ;2806 -
2819.

B, AR, X 0%, 55 KL R M RGE T B BR
BRI # % ,2018,47(5) 28 —13.

HOU Yu-ting, LI Xiao-bo,LIU Chang,et al. Flexibility reform situ-
ation and technical application of thermal power units[ J ]. Thermal
Power Generation,2018,47(5) :8 —13.

W98 SO, TR KADIR S ML L % A e I A AR A
T ]. iEZh ) T4 ,2020,35(9) 16 - 21.

GAO Kuan, BAO Wen-long, DING Yang-jun. Economical analysis
for a large-sized unit of steam extraction under deep regulating load
[J]. Journal of Engineering for Thermal Energy and Power,2020,
35(9):16 -21.

TR, T3 AR AR XU AR T A R A R R U AT
BORBIFTHEIR ()] . $hiEsh )y T2 ,2022,37(8) :1 -8.

TAN Zeng-qiang, WANG Yi-kun, NIU Yong-jun, et al. Research
progress of deep peak regulation and frequency modulation technol-
ogy for coal-fired power plant under double-carbon targets [ J].
Journal of Engineering for Thermal Energy and Power, 2022,
37(8):1-8.

U, A, BRI PRES LA L 55 A A Y L T
TRETI AT [I]. IRER LR ,2021,63(4) :297 -299,302.
WANG Zhan-zhou, CAO Li-hua, SI He-yong. Analysis on power
output regulation ability of steam turbine of low pressure cylinder
bypass heating [ J]. Turbine Technology,2021,63(4) :297 -299,
302.

JEl i AR . AL AR 55 Bk i (it U SE [T ]
ZRACH 3 AR ,2019,40(11) 1 - 4.

ZHOU Guo-qgiang, ZHAO Shu-long. Application of HP-LP bypass
system combining with heating technology [ J ]. Northeast Electric
Power Technology,2019,40(11) .1 —4.

WO, XM, A IRER, 55 200 MW ALZH 287555 PR el i
REJT VR[], #401% H1,2018,47(10) :90 - 95.

HUANG Jia-si, LIU Yong-lin, FU Yi-wei, et al. Thermo-electricity

decoupling capacity evaluation of steam bypass for a 200 MW pow-

[10]

[11]

[12]

[14]

[15]

[16]

[17]

er unit[ J]. Thermal Power Generation,2018,47(10) :90 -95.
PRIGER , Wkt 8 %, 45 25 R i B2 IR e A2 s K L2
PERESZIR J3AT[ 1] $vBEZ Jy T4 ,2020,35(12) 26 -30.
CHEN Xiao-li,GAO Ji-lu,ZHENG Fei, et al. Comparative analy-
sis of various deep peak regulation modes for thermal power units
[J]. Journal of Engineering for Thermal Energy and Power,2020,
35(12) :26 -30.

BRI R, 9T, S AL IR DS R R A Bt T
I ¢ 350 MW HLAL i i L] #4007 % L, 2018,47 (5) -
101 - 105.

XUE Zhao-nan, YANG Rong-zu, WANG Ting, et al. Application
of turbine HP-LP bypass system combining with heating in super-
critical 350 MW unit[ J]. Thermal Power Generation,2018,47
(5):101 - 105.

B Of,8 R,% % AT RS T R
WastT 2 G M E AT (D). B R 48 A Bh 4k, 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.

RIS KB RIT B AT I R AR SE[ D). bt 4
Jers JiokA7,2019.

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

X B, T HT, A A 55 BRI S R A Rk A o 2R
WERFAE[ )] 1K F 2020 ,49 (11) 126 — 132,

LIU Chang,GENG Lin-xiao, WANG Heng, et al. Control strategy
in transformation of high and low pressure bypass combined heat
supply [ J ]. Thermal Power Generation, 2020, 49 ( 11 ).
126 - 132.

FG Y, A BRI T 55 R G R T L HLZE X
HIHANRE I BEFEL ). K FHRE=24 2021 ,42(1) 317 -323.
WANG Zhan-zhou, CAO Li-hua, DONG En-fu, et al. Improving
wind power accommodation of combined heat and power plant
based on bypass system[ J]. Acta Energiae Solaris Sinica,2021,
42(1):317 -323.

ZEAN. VREE LB A Moz AT [ M. B . v [ HL g s e, 2009.
LI Jian-gang. Steam turhine equipment and operation [ M ]. Bei-
jing: China Electric Power Press,2009.

. RGBT LU IR A MU 45 F i B2 5 B4 3 o0

[D]. L. b EsgE Ry, 2020.

HONG Hui. Structural intensity and damage analysis of steam tur-

Bt

bine rotor under flexible operating condition [ D ]. Shanghai:
Shanghai Jiao Tong University,2020.

(£5H %)



