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Thermal Economic Evaluation Method for Thermal Power
Units with No. 0 High-pressure Heater

LIU Bo-yuan', WANG Wei'*, YU Wei*, HU Yong', ZENG De-liang'
(1. School of Control and Computer Engineering, North China Electric Power University, Changping District, Beijing 102206, China;
2. Huadian Electric Power Research Institute Co. , Ltd. , Hangzhou 310030, China)

[ Abstract] Tt will raise their feedwater temperature and then improve their operating economy to add No. 0 HPH ( high-pressure
heater) in thermal power units. A steam-water distribution model for a thermal system coupled with No. 0 HPH was established based
on the mass and energy conservation laws. And a variable-condition calculation method for its heat economics was also proposed.
Furthermore, a derivative characterization approach was developed to represent the heat economics impact of No. 0 HPH extracted steam
flowrate, which realize the quantitative evaluation before and after coupling with No. 0 HPH. Taking a 600 MW unit for example to
carry out calculations and analysis, it indicates that the index calculation error of the method proposed in this paper is less than
0. 15% , which has high precision and can be used for thermal economic evaluation of large thermal power units coupled with No. 0
HPH. Furthermore, after coupling No.0 HPH, the feedwater temperature can be lifted by 19. 1 ~32.3 °C, the cycle heat efficiency
raised by 0. 18% ~0.2% , and the heat consumption rate decreased by 29.3 ~34.6 kJ/(kW-h). Moreover, the sacrificial internal
work will be even smaller, and the heat consumption decrease be even larger if the turbine load was smaller.

[ Keywords] No.O high-pressure heater; thermal power units; thermal economy; steam-water distribution; energy efficiency analysis
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Fig. 1 The main system of conceptual reheating heater with No. 0 HPH is added
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Fig.2 Terminal difference of No. 0 HPH
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Table 1 Designed terminal difference of a 600 MW unit
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bR/ C 1.7 0 0 0 2.8 2.8 2.8 2.8
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Fig. 3 Relationships between stage efficiency
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Table 2 Extraction pressure values for a 600 MW unit under typical operating loads

T 0 fl/MPa 1 fili/MPa 2 fili/MPa 3 fii/MPa 4 i/ MPa 5 fli/MPa 6 ff/MPa 7 $h/MPa 8 ili/MPa
75%
o 6.59 5.008 3.452 1.676 0.788 0.413 0. 144 0.035 0.016
(HEMETDOL)
50% 4.956 3.343 2.316 1. 134 0. 545 0. 285 0. 099 0.024 0.011
40% 4.302 2. 681 1. 863 0.918 0. 447 0.234 0. 082 0. 020 0.010
30% 3.648 2.019 1.410 0.702 0. 350 0. 182 0. 064 0.015 0. 008
£3 600 MW HlAHME TR TERMARHKSE
Table 3 Drain enthalpy values for various heaters in a 600 MW unit under typical operating loads
— 05/ 15/ 25/ 35/ 45/ 55/ 65/ 75/ 85/
‘ (kg™ (kg™ (kg™ (Weke™)  (Wekg™) (kg™ (kg™ (Wtkg™)  (Wtkg™")
75%
NN 1 185.09 1 066. 5 889.3 751.7 — 468.9 311.9 237.1 150. 3
(FEUETH)
50% 1 072.30 969. 26 812. 16 678.75 — 429. 06 280. 37 214.52 139.3
40% 1 013.81 917.95 771. 15 646. 47 — 406. 19 262. 28 201.77 135. 1
30% 944. 38 856. 86 722. 05 608. 15 — 378. 82 240.49 186. 97 131. 4

R4 600 MW HLAT TR EHMMIZAKIGESE

Table 4 Feedwater enthalpy values for various stages of heaters in a 600 MW unit under typical operating loads

W 0%/ 15/ 25/ 35/ 45/ 55/ 65/ 75/ 85/
- (kJ-kg™')  (kI-kg™')  (kl-kg™') (KJ-kg™') (ki-kg™') (kl-kg™') (kJ-kg”') (kI-kg”')  (kI-kg™')
75%

CGEMET ) 1246.6 1154.8 1042.3 871.3 710. 6 592.8 446.9 290. 6 215.9
50% 1 160. 26 1 045. 36 943. 27 787.23 654. 44 542. 08 405. 44 256.93 191. 11
40% 1117.06 987. 44 892. 35 746. 43 622. 28 513.95 382.61 238. 86 178.37
30% 1 069. 5 918.59 831. 67 697. 57 584.09 480. 26 355.27 217.07 163. 57

x5 HAREREVTELERIE
Table 5 Calculating results comparisons for the extraction steam flow
T R Oﬁf 1%7 2%7 3%7 4%7 sﬁy 6ﬁf 7%{ sﬁy
(kges™')  (kgos™')  (kges™)  (kges™')  (kges™')  (kgesT')  (kgesT')  (kgesTh) (kg=s™")
75% FEHET 15.473 17.592 24. 183 14. 059 10.976 14.617 15. 059 7. 164 7.643
A ST 11.838 9.343 13. 265 8.273 6.742 8. 852 9. 301 4.139 4.311
50% ETHHH 11.453 9.63 13. 601 8.249 7.068 8.903 9. 388 4.171 4.202
TRZE/ % 3.26 3.07 2.53 0.29 4.84 0.58 0.94 0.78 2.54
[[ERE 9. 989 6.763 9.732 6.259 5. 196 6.797 7.206 3.056 3.067
40% AT HITH 9.87 6.914 9.903 6.193 5.415 6. 828 7.285 3.090 2.964
RE/ % 1.19 2.22 1.76 1. 06 4.21 0.45 1. 10 1.13 3.37
REESFE 8. 147 4.545 6. 637 4.411 3.725 4. 868 5.232 2. 054 1.908
30% ETHIHE 8.240 4.583 6.672 4.299 3. 887 4. 888 5.298 2. 080 1. 839
RZE/ % 1.15 0. 84 0.53 2.55 4.35 0.42 1.26 1.29 3.63
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Table 6 Calculating results comparisons for the thermal economy indice
, I/ MW . Wkt / MY . PAHER/[ K- (kW -h) ~! .
T DMV g, DO, AMERROND) ]
BEisHE 2T BEsE 2T BEfmsrE TR

75% — 434.31 — — 911. 04 — — 7 551.6 —
50% 287. 35 286.92 0.15 618. 56 618. 44 0.02 7749.4 7759.6 0.13
40% 229. 06 228.78 0.12 502.97 502. 86 0.02 7 905 7913 0.10
30% 170. 83 170. 69 0.08 386. 8 386. 72 0.02 8 151.1 8 156.3 0. 06
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AR TR R 1 RE B A 3 vk TR
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B0 S @G, 75% LA L 5 s o] 3k B4 7 fef T
BT ZRKIREE . INLALAE BT T 00T fA) o 25 ok 56
HEL,TE75% 50% 40% 30% fifa K, 3% 0 55
TG 45 K IR AT o BB R 19.1,24.6,27. 8,

32.3 C, XfEbak 6 gy NF T, #E LIk 4 A1t
BN A I e T 16.67 (13.42 11.54 9.6
MW, 0] LU H 5 7 far T 3R AR AH 18] 0 25 /K I TH 2 4%
REZMNERY), X 58 S5 28R 0 g
TR AH— 2,

Bl 6 FEL 7 430045 th TR G 0 5 i E HL4
B I ARCR TSRO oL, M5 8 FIEl 6
FIE 7 AT, 7E 30% ~ 75% i ff IX (] 34 3% 0 2
I AEFR AR T T 0. 18% ~0.2% , MFELR L%
7 29.3 ~34.6 kJ/(kW-h) , Hr 75% 7 fif Bt
KT 29.3 kJ/(kKW-h) , BEIE £ /N 1 30% ~40% 7
T B IE e K, 34.5 ~34.6 kJ/(kW-h) . HtkA]
U, 0 5 i N FEAR 67 A B 4 iz BAT 51 I Jd 1) 28 5 0
o HEREIZ 0 SIS MR SR TR, L,
75% VIt G fap Be AN RS 0 SR
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Table 8 Calculation results of parameters for No. 0 HPH under different operating conditions
TR BT/ MW W R/ M) TEI PR/ % PHER/[KI- (kW-h) 7' ]
WE  HRE LhEn Wi WA LhEn Wik WA s kT WA W g
100% 601. 37 — — 1253.35 — — 47.98 — — 7503.0 — —
75% 450. 98 434.31 -16.67  949.67 911. 04 -38.63 47.49 47.67 0.18 7 580.9 7551.6 29.3
50% 300. 77 287. 35 -13.42  650.28 618. 56 -31.72 46. 25 46. 45 0.20 7783.4 7749.4 34.0
40% 240. 60 229. 06 -11.54  530.63 502.97 -27.66 45.34 45. 54 0.20 7939.6 7905.0 34.6
30% 180. 43 170. 83 -9.60 410. 25 386. 80 -23.45 43.98 44. 17 0.19 8185.6 8151.1 34.5
290 x7 FRILATIEE 0 SSMETELKEBEE
.l Table 7 Feedwater temperatures before and after
No. 0 HPH operation
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Fig. 5 Comparison diagram of feedwater temperature

before and after the operation of No. 0 HPH
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