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Abstract

The heating method and system design using low pressure bypass of a 135 MW high back pressure
heating unit are introduced. Based on the performance test of the unit after retrofit of high back
pressure, the performance indexes of each condition during heating period at high back pressure
are obtained, which can be used as the basis of analyzing heating performance of low pressure
bypass. Under three typical test conditions of 123 MW, 110 MW and 77 MW, the low pressure by-
pass is used for heating. The thermalized power generation rate decreases by 28%~31.2%. The
heat supply of condenser increases by 51%~58%, and the heating safety coefficient increasing by
7.2%~10.4% compared with its original value. The minimum electric load decreases from 77.36
MW to 60.03 MW. The reduced minimum power load is about 44.47% of the rated power output
before retrofit, which is less than the lowest stable combustion load of the boiler at pure condens-
ing state. After the low pressure bypass reformed, heating capacity of the unit has increased. The
lowest electric load is reduced. The peak regulating interval of the unit has enlarged, improving
the flexibility of low electric load dispatching.
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BT H135 MWEL LS EERVER AREFZ BRI AEMREERT, BiERS ESUEE K
R, BEVARY EERRE TS THBTHRE I, 1EARESSBARE R o kYR . 7E123
MW. 110 MW, 77 MW=NHALRE THT, PR FAREZBAR, #vbk EREK28%~31.2%,
BRR A E N IN51%~58%, &) H#RERBIRT7.2%~10.4%; HIARIKESF H77.36 MWIEK
3160.03 MW, A NEY EBCERTHEIEMN44.47%, N TABERSHPHRIERRAR .. VIS
AL ASUE S, HEREE3EM, RICEARTEME, NAREXREYT K, ®5 TKBARRERNRE
.
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1. 5|8

U 10 4F, BEAE EE R A kR, DL R RAE A GE PR K, dEr i Il T2 KA E
AR K HE ML AERE I & LT 2009 4515 IRAE 150 MW ALZH F 58 Rk T $E it iR 28 1 e i BoR el
REEEE 135 MW~150 MW S5 ML K = 1S R PR K A O&E BET 7B s MERZ 1] [2] [3] [4]; 2011 4F
AL R BUR R R IRAE 135 MW HLAL BT T “ R0 0T B4 I HEAUE(S] [6] [7]. 84
e, HAiEEEEENCALL 30 4 135 MW, 200 MW. 300 MW £ FHLZH St 1 X0 s R0
T HAAFGA K AERERBGE 8] [9] [10] [11].

PLAH 57 ARG IR K ALK SRSk WA EIEEHEN B AR AR USRI, AT 2895, #2717 (34
BE 1, IRE T IRECHIALIG B RLEE[12] [13]. FhEBEHLAL. ZiitHL A m TS B A seE e, G ik Bl
7K, ABSAT “UARGER” 1istr 7, A7 7 SRR 77 U —, 40 135 MW S 2B s
IR JE, SRIEZEST, HLAL AL X E] A 90 MW~125 MW,  HLALIZE AT 1 7 35 1 R 1 B )1 FEAR .
“=db” HiIX, PRGN G ERBEN AR ARG, FECREFENRBAETE, TR
W RCRBE R, ) VAL I A T IR o w5 SRR K BE LA R R X R BE /)N, K
R KA P B BUIR 7 s RS o7 I, DRI U 7 B A ke FL AR T R R MR R e B 22
) 7]

PN S ARESF AL, ResE mpLA m 3, BRACHLAL LI T T s fer, S bl
Fitar T EIERE 77 B R AL LU S 350 MW hBEHLALUART S %, ST EL AT 7 AR Ae L35 B it
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T RIIBOREE R BEIT T IRAR AL s IR 55 B IBC 1 (7 S0 BEIANLAL A F AR R 1 B B AV 70 A0 v S
THIERE JJROREMA[14]0 X T 135 MW i RtAWLA, mT AR fAGE I, Mk
P REIRTHHMRE I k. ARSCHT 135 MW sl ISR MK BEAWLAL I D R ek T s, PRI R5S
BEOER, SR R LA LAL R I RE T -

2. WEXGEFZEEHARIATE
2.1. HBAFRATE

R HEAT —WER 2 & 135 MW 4igL4, T 2012 4. 2015 G A E S BRI K LRI .
KEEZY, 1| SHAREEAREET, 2 SHA T EMEZTT, P aREIANG G, RIEEE)
HIR. 1 SR SGE G &S B2 TSR ME 2= 1 s,

Table 1. Technical specification of unit 1 after high back pressure reform

# 1.1 SHES S ERCERRALE

T H XA 24 T H XA ZH
e / N123-13.24/535/535 HUE T MW 122.372
FIREN MPa 13.24 FIRIRLE C 535
HE R R t/h 435 AR MPa 2.44
HERIE T 535 HRHE S kPa 493
PEI KL t/h 7700 PRI BEAK IR BE C 55
FEFRIK R KR B C 78 FER kJ/KW-h 3638.55

22. REFBREBRRBERERRSY
HUHBLE 30%MMRIE 5585, 55 BRI KR B T-HEA I IOBES K . BE IR 55 B 1) H AR IR 1L
TR S HE BRI o IR 55 15 IR T e B BT 280k 2 s

Table 2. Design parameters of low pressure bypass and temperature and pressure reducing device

=2 REZSBRSREREZERITESH

5iH TR EE A PR T RS IR TR 7K
: MPa C t/h t/h
& 55 1% 2.295/0.588 535/160 120 20
VIR 2 0.588/0.294 160/70 220 15.5

3. RBRHRESBEASTRAR
3.1, [REFBRHARSG REEF

KA TIIBCR RGN 1 s, — IS 135 MW HLALR A s g h K A1, 7R HIEA
AT, BEREROR, BB KA 19, 2 SHABEEMALLS, a4 LA e b,
2 2 SHLHR R RLE R E HIn G, SR AR KRS, BENTT RN, 2t 3 5. 4
5 300 MW SERHLAEMIR UG, S SN HRERAE R .
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Figure 1. Schematic diagram of heating system in the power plant

B 1. T ARRRGREE

—HIPI G 135 MW HLALA A e AR R B3k, EIGEROR, shornR I RIEVE RS, IR0 X TR A2/
(HIETHUH T BB BRI RETEZORIC, 1 H 2 SHUACSA PRRDHEBE IR, A
A R R AT RE S, B R AT 1 SRS 55 B O Bt o IRH 55 BR AL T
T T & AR, B AT SRR 55 B B HER BN AET A . LA IR IR R mUK R AT ks, 2R
IS 55 B I e RIE TR B BUK TR, 7 RRE KR O BRIk UK S B E 12, HLABRERREA

S5 AT S, ARBSFBAMEZRIRE | 5. 2 SHUABUNE S R S5 B 115 il A 283 A ol ook
KRS 2 SPA P EGARUHE, #5311 5. 2 SHAR MR E A G PLALREETE K,
PRMUA B E

DAE PR I 55 B 20 Uy 8 R IR I S5 B I AR 58, 5 ARG TS 55 B R J i 2 2R T AT 5K 1
21 5. 2 SHARMREL, RES0E TAERMBEEOR, g nib RS s ttK, [
ARG R L B I AR IR A Bl K v o IR 55 B B HHR BB 77 5 7 EORIR s
IKRGHATHOE, § RBUKEBEER, BINEEE N AR EIL KSR E, EE R imiK R G gET
Hs, BEEUN, RGN FIHCR R 55 B ARR B BEAE 7 ST B0, KB A .

3.2. REFBRHRRGRIT

WU T 55 % L2 IR s R GE 4] 2 Fos . fFRRGRIRA R 5588 1), 555 B /KR & )5
PRl T HE N B A, 55 BRI /KR T BEE Y VRESS /K TR AT NBRAAS S, A il K
IIBE,  HER R .
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Figure 2. Low pressure bypass and temperature and pressure reducing system diagram

B 2. REFBRBRRERSE

4. NAESEEHRAMCES BEREREER
4.1. HUEEEEEH#RMEEER

MU T R ASGE f5, 9 TSI RE I S B B EAT L, #0477 1 S HL i R AU
MrERe RS . PRI Kbt GB/T 8117.1 (VRECHLIATIMERRI ORI IAE) , HLALTE R ICHI FigiT,
IS Fe e LA B A RIS AT S48, WER LR, 3Rl #) R/R%0 T
J1v BE. R, AP TRE S I\ mE, BRI T LR BLRCR. TSR
i, ZHEPRIBI I ES, e 4R AR 123 MWL 110 MW FiT 77 MW =T, k545 R
S@UHEARHAT IR, FE NN H W2 T R A T AR - ML 7 M R iR I8 45 e 3 Fos .

Table 3. Performance test results of unit 1 during high back pressure heating period
F 3.1 SHAESEEHRAAMRERELSR

ER S AL 123 MW L4 110 MW L 77 MW T3
RHEHA T kW 123,405 110,434 77,357
FRES MPa 13.154 12.870 10.729
FIRIESE T 530.14 533.20 513.38
FRNE t/h 433.689 382.754 282.525
HHMERES MPa 2.592 2271 1.619
TR ZIRIR S T 536.72 534.99 484.06
PR = t/h 354.485 306.280 220.158
AR E ST MPa 0314 0.277 0.200
AR C 253.31 252.18 219.67
RS HERE kPa 44.54 38.12 27.34
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Continued
R JE ST HES A& (UEEP) kl/kg 2655.5 2643.1 2607
IR VES % 91.76 92.03 91.48
IR EBL % (UEEP) % 85.29 87.40 84.93
R HKIE) MPa 1.547 1.332 0.965
A KL C 78.32 74.48 66.78
BERARFAIFK IR C 79.03 75.15 67.46
PEIR KK E 7 MPa 0.569 0.551 0.540
PEIR K oK E 7 MPa 0.478 0.460 0.448
PEI IR K BE C 49.39 48.90 47.91
PEHRIK HH 7K B C 77.99 74.17 66.63
PEIR KB &= t/h 6327.581 6290.813 6314.708
PRER KJ/KW-h 3694.0 3714.6 3726.6
TEHIK e MW 210.287 184.670 137.222

U & AR T T IEAT, R AUE B K EZRM T, MARBHB IR AN 123 MW, St
TN 210287 MW HLALRIGHS /Ny 77 MW, B BR A E 75 MW I, R <1 SHEIR
R WSS, ERAARERET, | SRR FFEICTH I B 125 pm, UL &
ILHLIBAT I IHIE X E] Y 77 MW~123 MW, i @ AT 2L, WL SERRig AT i/ LA 9 90 MW T
HLZH B3 i AR I X (] R 67.5 MW~135 MW, 5 IS Atk ekid, AEASHLAL A R & X A28/

7E 123 MW, 110 MW, 77 MW =/MRARTHCT, HLAH S HRGLRCRE N 91.48%~92.03%, fICHGLAH
N 84.93%~87.40%, HFEHR N 3694.0 kI/KW-h~3726.6 kJ/kW-h; THLLLLE Bt 2kt i 123 MW TiL R
FEZH 3638.55 kKI/KkW-h, FRHLEE R 92.0%, (KIEGFLEN 90.60%. HLARIH . (REF KT
WA, RFEREmTHROHE, AR NS TERIAA BB TR bR .

4.2. HUBAIRES BRI R

HUHBATVEREE AN BB, A S Br kBB AT RS S5 R I TH 5. R IR 110 MW
LA R, HUAERGEAUE ZHCRIT TialT, (RIESF BB AN 120 th; EHUNBEIE 77 MW T, 1K
Js 55 B% E B A HLA B TR B 30%. S5 BRAGTTHEANBERER TS, ARRGLHE R D AHER A%, A
I 55 B R IS (A B DT SR RN 4 P, K38 4 it ARS8 3 thilie g Rt AT HeRL, 2>
AV 55 it A UG LA A L D L (IR RE ) AT I BE T X 5

Table 4. Result of the effect of low pressure bypass heating on performance index of the turbine

= 4. HUBEIRES BE AT EN I REIEIRR N

2y i Hhr 123 MW L# 110 MW L 77T MW L
R HLThE kW 123,405 110,434 77,357
TR E t/h 354.485 306.280 220.158
THHGEIRIS kJ/kg 3542.4 3541.7 3436.7
G 55 B A U t/h 120 120 84.8
ISR FLHHA S (UEEP) kl/kg 2655.5 2643.1 2607
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EAEHKIE ) MPa 1.547 1.332 0.965
A KL C 78.32 74.48 66.78

R KA kJ/kg 329.06 312.80 280.25
mg%%ﬁgﬁgggﬁ kg/h 45.75 46.27 30.24
BERARAIFKIR T 79.03 75.15 67.46
BER AR BIIKS kJ/kg 330.84 314.56 282.33
BERARFAS T BE ME kW 107,031 107,546 74,286
G IR AR &S S L[] % 88.5 89.7 88.2
HUZH R H Tl 2 PR A kW 26,164 26,868 17,238
HHRALLR L kW 97,241 83,566 60,029
TR AR LA MW 317.318 292216 211.508
55 B BEIART IR AR P MW 210.287 184.670 137.222
R HERGRT b R R % 58.68 59.80 56.37
S R b R LR % 30.64 28.60 28.38

4.3. BRREENFEIERENTZRIS AT

B 4 S5 04550, 1 SHLAE SR 55 B gt 3ot f5 , AR R E 28V E 5% T, £E 123 MW, 110
MW. 77 MW =AML T, R IR 5 BB 26,164 kW 26,868 kW 17,238 kW, HLALH /115 %] 97,241
kW, 83,566 kW. 60,029 kW: FHN T4 T, BHIASHERE G0 107,031 kW, 107,546 kW 74,286 kW,
EHR MO AEE N 317.318 MW, 292.216 MW, 211.508 MW,

MU PG 55 B AR, VR AR AR KT 51%~58%, [l S fi% FL Ffaf F 77.36 MW FEAKE] 60.03
MW, 2RSS RTRUE V121 44.47%, TR LA £ 28050 N 282.5 th, NERIMEIE 28 K B 65%,
KT AR FRR S A (2R &, BRI T e it m . WL SRR 55 B (I o )5, M i f et
BEAG, WLHURIEDK (Al K, B 7R foms i FE I RS 1, TR RE g4 v BH i

U R AR 55 B 0, LR AR, = AN T R 40 BRI 28.04%. 31.20%- 27.99%; HLLHH
ERIN, v ZEE I, 5k 2019~2020 FEERAZER H T 1033.1 MW AL, 4) R
LA REIE R 10.36%. 10.42%- 7.19%. HLASCHACE S5 B A SOE 5, HERAGE 38N, K FLH 77 BRI,
BT R GE T T R AL W AT R T 2 R

4.4. BRI

PUHARB AN I AR . HLALAE s IR Al Lot T igAT, AHLAAAHK T 77 MW, B S R FEAIG,
HLAE 1 SRR IREN R, BEHRED EEE i T IR SO i SR VR . AR S B b4, B4R
B PR AR 2] 60.03 MW, (HEZVTIREAL, mSaldbin E A 718 m 2 A, BT 1SRk
EEA TN AHZ BT P RAL RRELBE TR E R, e i 32 0 K B A, BT AL R IR
MZEARW A AR, I8AT I ENsR % .

5. &t
B TR AL ANLALE T A BIBEEMLAL, 0E “DAMGE R BT TR, IR T AL g, R
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A AL s fo 38 s A AR 1 R IE AT, MR R I IER SR TH&. Bk 135 MW LA & R R
OEJE, FERIEZEN, @ R AR I T s AT I X R 2 90 MW~123 MW, LU 250 |iF ) R I IX 8] /)N,
Jo H AR G T USRI L BSOS BT S0% A E T o A SCHREH 7 I FHMLZEAR 15 57 B L 3 ) 7 V2 R0 R B
TF, WLALR AR 52 B AL B, b 2 B R AR 28%~31.2%, HEVA2s At E RN 51%~58%, 4] ft#vic4:
REARE 7.2%~10.4%. TERIR M ER FARIMERM T, KEH B FHSOERTH 123.4 MW TR
G 97.24 MW, BHAZHIAEHGEH 210.287 MW 1613 317.318 MW;  HLALHAK f 71w H1 77.36 MW
B#KE] 60.03 MW, ZNekid s AUE ThER K 44.47%, /N TAEECIRSBI BARFR IR G HLAHL St IG5
FHEEIASOE f5, HEFAEE N, B AT RS, ML IR (a9, 4 1A G far i B2 1) RS 1k

VRV RE 7742 U

&E ik

[11 E%#, T, R, . 150 MW HLA & E A SGE R R 5 28 [1]. REVLER, 2012, 54(5):
397-400.

[2] kI, AN, xifEE, 2. MEtPLARE SER KRR S0 5N, B #2009, 25(6):
543-546.
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