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Variable working condition of connected-tube extraction heating mode and
zero-output heating mode of low-pressure cylinder

WANG Hongyu
Tianjin Huaneng Yangliuging Thermal Power Co., Ltd. Tianjin 300380, China .

FHE: B F AR AR - B T BRI, A ML I R R BGE RO AL B BER R AR K
Wi o ASCHT EBSILON FAFEE L IVFA AL, SR I = Fh R I HLA, THE T 2 P bR T 1 -2 27T
MFERERRE . 5T 300MW S5 HA B F=HLZH R AR R L e BRI R T 8 A v A A o
KA T AEIEE J132 T 15.75~22.24%, HH /IR RS I3ETt 14.6~24.2%; KA P REEBE AL, it
P E T AR L B TR R M s R 2410 0.27~0.28(Uh)/MW,  HLHE 48 58 R HLZEFR I FE B P it B
(£ M 1 s 2 24924 0.051~0.055 (Yh)/t/h: 5 738 B 73 AL AV SR KRR A b, A MRS e T 300MW LI
FHLA . 330MW LI FHLLEAT 350MW I ST 4 R AR R T 2t 7 A i U AR BV FE 220 I PR T 13,2t/
16.31t/h 1 22.84 th, UGB HLA U FME oy B bR, B TES T8 BIAE5%E .

REEIA): ARG, AR TOURAE; BUIRGET); HDIEATRE S SIEATTRE

ABSTRACT: Accurately acquiring the variable working conditions of unit, heat load and standard coal consumption of
cogeneration unit can allow the unit to be carefully managed, minimize operating costs and maximize profits. Basedon the
EBSILON software, this study evaluation model for the power-heat-coal variable working conditions of cogeneration unit.
For 3 typical 300MW cogeneration units using connected-tube extraction heating mode and zero-output heating mode of
low-pressure cylinder, the relational characteristics of unit power-heat load-standard coal consumption are calculated and
analyzed. The results show that for zero-output heating mode, the heating capacity is increased by 15.75~22.24%, and the
unit power management adjustment ability 14.6~24.2% compared with communicating pipe extraction heat mode. The linear
increase rate of standard coal consumption is about 0.27~0.28 (t/h)/MW with fixed heating load, and linear increase rate of
unit coal consumption with heat supply is about 0.051~0.055 (t/h)/t/h with fixed unit power. Under the same heat load, the
standard coal consumption of zero-output heating mode of low-pressure cylinder is about 13.2t/h, 16.31t/h and 22.84 t/h
respectively lower than of the maximum heating condition of the connected-tube extraction heating mode. It is recommended
that, the cogeneration unit should aim at the highest profits, and analyze the plant-level optimization of the cogeneration unit.
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Fig.1 The principle thermodynamic system diagram
of zero-output heating mode of low-pressure cylinder

] A1 o ARG s T 2 A B 4 FAB AR PR T A
PR, O KR R Ehie T s el. B 2017
AT B A BRSTE 2 ) I FA )
OCSEREAR T2 D BEABORBOE LR, H AT
PR O R A =K pLliE) R e
V&N R IASE

2 AR S5t ieTR

2.1 HLAHR
FFENE 5 54 300MW G 7. 330MW



Ze2 )\
30\9

2019 AP E L LA A A8 S8

I ST 350MW I SR BB = HLZH, —IRk
B A PIELPSHER . . HRBRA R
B, AR LR 22t K B2 43 il 9 905mm, 900mm
A1 1029mm. 23R A R RS o
AL R K (1 AT

300MW ZE LA 2L 7 HhIX M FT 4L
PR IS, DR A SR B A T S B
BRI ARRE
22 TTHRITE

KIS L3 AF EBSILON #H TR 5
LA T4 . EBSILON 4 i [E STEAG 2
AIF R, AT UME(T I PERR, 4 2 H T
SR PR AR A B LA IR R, ATk
DA AP, ML B REFE
SRS
2.3 $5MEiEFR

XTI LA, R R bR E A
HUREIE CFRTEHLH TR RE S #VREE (FBAE
JEAREETI) . FERRARF RS

PRI ML AR R A R LI N 3R
fiE, PRRER X AME R Q DA R #vHL HERALE
SERRIEAT F R AZEVRIEAE g MBI E hes 122
{EL B L D R AR AR /I, AR I R T R AGRIR
T D RAE B8, /I

Q= Dx(hq _hqs (1)

X TAR R BN, Sy A= IE AR
INEAR L IR, A5 R IS B K — i
P B R G8, MARLFHEHK. ERIEHEAE—
ZIRUE D HTSE T, BB ML) £ 2s AT
SHOIBRINHRNFESE, = H KRR RRA:

B=f(N,D) )
B bxN q y N
1000  29.3076x7, x7, 1000
©)
Q

29.3076 x 1, x 17, x1000

X B AFRHEREHFER, th: nofll np5 il
BRI TS TERE, % b R HEEAE,
g/(kW-h), N AKHEHLIIZE, MW; Qo Ak
&, Mlh,

2.4 WA REE

EEXt 3 A EIB =LA, HEAT 2 Rt
(L AT RE T (IR T AT REA PR 4R
H XL NIRIERT T4 SR & AR, A
XL E N LI AR

L BalP A sus , K 718 BMCR L,
B/ NFRIR B4 A 30%BMCR L o

2) LR IEEE IR R, R4
FF i/ NA HIZRIR LR (BN R VA 2 51 9 100t/h,
120t/h F1 160t/h), LAHUAS LA EE /) e R AT LS )
i 418

3) RIEGRLEH R R, il A
HIZEVR I E N 18t/h. 18t/h A1 25t/h.

4) M T HIEMPEIREE ST, AP B AN #
AR HRTI% e T o
3 HBERRAH

AR EKRET, 3 R B HLAR 2
T L AR 1 S B B AR AR 20 Tl W3R 1~3R 3.

F1 2MBRAREIEMEIEE (300MW)

Table1 Main performance parameters of 2 heating
modes (300MW)

WA LX) T1 T2 T3 T4 T5
k2 t/h 1025 787 655 498 308

BB

LER) e MW  228.02 180.00 150.00 120.00 76.74
AR % 3117 3087 3021 30.84 3030
IR t/h 564 430 353 255 128
i35t MW 40588 314.14 261.87 188.90 98.54
FRENE / 1.89 1.86 1.86 1.67 1.37

RSl t/h 9915 79.03 6729 5275 3434

ARG ) it

CZRPIES MW 21672 168.36 137.97 108.14 63.60
AL % 29.11 2887 2782 2781 2510
IR t/h 653 519 442 344 216
it MW  469.93 379.31 327.72 254.60 166.59
L / 2.31 2.40 253 2.50 2.79
PRI t/h 99.15 79.03 6729 5275 3434
F2 2 MBS REEREET (330MW)
Table 2 Main performance parameters of 2 heating modes
(330MW)
g B T1 T2 T3 T4 T5

WP R th 1046 785 523 418 314

el B
ERPIES MW 23263 18558 13256 109.47 85.29
AR % 3065 31.36 3213 3245 3269
AEFRIE t/h 580 421 259 189 114
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ft A MW  417.12 303.38 187.09 137.25 84.76
e Lk / 1.79 1.63 1.41 1.25 0.99
FRAEWEER th 10287 8021 5593 4573 3537

IR 2R H ) =t
325 MW 218  169.62 117.02 9454 7313
R % 2872 2868 2835 2802 27.99
AIRNE t/ 694 539 370 303 227
it MW 49842  387.96 267.14 219.12  164.7
FEEN A / 2.29 2.29 2.28 232 2.25
FRBEAER th 10290 8017 5595 4574 3541

x3 2R SREEMEEREMR (350MW)
Table 3 Main performance parameters of 2 heating modes
(350MW)
TiH Li T1 T2 T3 T4 T5

PR t/h 1057 793 529 423 317

B R A

ERPIES MW 27571 21086 149.16 12532 101.07

PR ES % 3518 3449 3495 3591 3765
IR t/h 505 365 205 136 63
LA MW 369.19 272.84 15594 103.65 4851

FLYiENe / 1.34 1.29 1.05 0.83 0.48

PRI AE tlh 10455 8157 56.94 4656  35.82

RESLZE ) =
ERPIES MW 25316 187.16 12473 100.77 76.38
PR ES % 3230 3061 2922 2887 2844
AR t/h 655 512 352 283 210
fit#hffi MW 47922 38312 267.33 21555 160.72
FLYiENe / 1.89 2.05 2.14 2.14 2.10
FrfEHFE t/h 10456 8158 56.95 4657  35.82

3.1 {#AREESN

300MW HLZH, el K28R & 1025th, &
i E VR BRI s KRR D N
405.88MW, K HHLIIFN 228.02MW; ALK HL
1B B R R FARE 70 469.79 MW,
KEMLINR N 216.72MW. 5 % 5458 K
FEECAR L, fEREE 4 63.901MW. 15.75%.

330MW HLZH, Rl K78 K & 1046th, &
i E VR BRI s K B RE D N
417.12MW, KHEMNIIHEA 232.63MW; LKL
Z 1B B R R FARE 770 498.42MW,
REHLIIEA 218MW., 5 i 5 & @ & il At
B, fEEEEJJ4E 5 81.30MW, 19.49%.

350MW LA, Balrf Kz K & 1057th, &
T R AR B AR # AR ) 369.19MW,
KEHLIIER A 275.7AIMW; K 6L Z H b
R A AHEIAE S 479.22MW, K ELFLTH R N
253.16MW . 5 A IC e 3288 5 v B A L

fEHEE IHE R 82.12MW. 22.24%.
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15.1%.. 350MW R Il FATLEE Feh vt FAvi X K e
18 293.99MW, AR HLH 710 228.72MW,
B HY 7T RE S 65.28MW. 18.6%; )4 21k
JEHLZE RS, L J708 144.02MW,
B AT RE TN 149.97TMW., 42.8%; 5 ik
JE R R AR LG, L T RE 4R
T 24.2%.
R4 BHOXBEREREHK

Table 4 Correlation coefficients for generator power

BgE] R T BRI R ZEH
300MW
a 1.94E-05 5.56E-05 5.35E-05
b -1.94E-01 3.09E-01 3.04E-01
c 332.63 35.78 -4.66
330MW
a 3.31E-05 -4.81E-05 7.94E-06
b -2.02E-01 3.51E-01 3.05E-01
c 340.74 45.30 2.88
350MW
a 5.55E-05 1.97E-04 1.90E-04
b -2.24E-01 2.83E-01 2.32E-01
c 375.40 82.46 19.23
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Fig.2 Generator power Regulating management
capabilities of 2 heating modes
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VAR, AL AR IR FE R F Th R
(P2 PR i 2 5 G VR R B HF C B Rk

SR FH AR ARG P B3 36 A VR AR S A
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Fig.3 The relationship between the decrease of
standard coal consumption and the minimum cooling
flow difference of Low pressure cylinder

4 AR

TR P L A3 R T 0 52 22 3 ol R S
I RAC, JE RORIEZE SR At AR 32 T
A AR L Se R . SREFER, 32 H s
3 R ST5 R B, HLAH SRR AE
B EIEH] RN SRRSO, R IR Z=
LA T SO E R 0, AR AR fa A /)
Mg DA ZBURH 2 I 3R 0 52 R oIl F) B R E 05 oK
TARIEEN . 0] 5 S (BUN) 2t
AEDD. MAESNERKERT, #ul

IR LA AR AR A1 3 DX 3R AT B AR 52 25 s AT 5
RELASEEL G, BAINLE,

PLALIBAT pAS 3= ZEONPRAESIN#E, dian 3 22
Nt AR RN (BETEO, A
NG HLS N+ IR — BB AR . FENLZH 4
RS E TS O0 T BRI LSRR i 2 -
1) XPAMIER, W e IBORAETE TR K 2) R
TR JEE 3 5 L ] L g Al B8 T 3 1 W UK AR 4
DR KA o FEBEFERIL b R FER, BL
SRR AR AT AR T R R

BT RIEFHEBHA T A LB S
BN BAAIRER) 7B AEE I BE a6 A
WA SAR S 5 B HR T BB iR A A A s A f
PRFIEE G IAEE ). B IR BEiE
-HLH TR AR R E ISR RL b, LA AR IR
R B R EL e et R 17, REAT BEAHLEL) AR
e, PRI T SC AR PR A
LY IR 10 261 T ) A T R -4
Yifi A w2 AP T7 3, SR Rk
P R AL

5 451

1) 300MW “54% # F R = LA R R R 6L
H AR, 5 I e SR R b AR =X
BRI T HERARE J132 T 15.75~22.24%, il
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