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Economic Analysis of Ultrasupercritical Unit after Configuration Optimization
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Conversion and Control of Ministry of Education Southeast University Nanjing 210096 China;
3 Shanghai Minghua Power Technology and Engineering Co. Ltd. Shanghai 200090 China)

Abstract: The reason for the low economical efficiency of the throttling steam distribution unit in wide load operation was
analysed. Based on a new configuration method of high pressure cylinder arrangement the model and simulation of the new
unit were carried out based on APROS platform and the strategy of the optimized unit adapting to wide load operation was
studied. Compared with the reference unit the heat consumption rate is reduced by 151k]J/( kW * h) in the cylinder cutting
condition and the energy saving is obvious. From the thermal analysis method and the exergy analysis method the
optimized system was analyzed economically and the heat consumption rate calculation model was established. Through the
relationship between the valve opening with the comprehensive valve throttling efficiency and the relationship between the
main steam pressure with the cycle efficiency the heat consumption rate corresponding to the working condition can be
directly obtained according to the above-mentioned relational model. An exergy analysis of the optimized unit found that the
overall exergy loss is 35SMW smaller than that of the reference unit and the parts where the exergy efficiency is improved
are in the boiler heater and condenser.
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na = 21 ;D n (10)
1 100%
100% 0% 27MPa 22MPa
o 2 100%
100% 0% 27MPa
22MPa
1 * %
; \ /MPa
THA 1% 1% 27 25 24 23 22
151kJ/( kW * h) 2.1%. 100 100 99.84 99.84 99.84 99.84 99.84
50% 100 50 99.69 99.69 99.69 99.69 99.69
190kJ/( kW * h) 2.5%  30% 100 40 99.60 99.60 99.60 99.59 99.59
219kJ/( kW * h) 2.7% .
100 30 99.44 99.44 99.43 99.43 99.43
3 100 25 99.32  99.31 99.31 99.30 99.30
100 20 99.15 99.14 99.14 99.13 99.13
100 15 98.93 98.92 98.91 98.91 98.90
( 100 10 98.67 98.66 98.65 98.65 98.65
"o 100 8 98.58 98.57 98.56 98.56 98.55
i 100 5 98.54 98.53 98.53 98.52 98.52
100 3 98.71 98.70 98.70 98.70 98.69
. 100 0 99.84 99.84 99.84 99.84 99.84
2 > %
3.1 /MPa
1% 1% 27 25 24 23 22
. . 100 100 99.84 99.84 99.84 99.84 99.84
50 100 99.59 99.58 99.58 99.58 99.58
q = PL) (8) 40 100 99.42  99.42 99.41 99.41 99.41
P 30 100 99.13  99.12 99.11 99.11 99.11
25 100 98.89 98.88 98.87 98.87 98.86
.= Dy(H, - Hmn)P‘“ D.(H, - H,) (9) 20 100 98.56 98.55 98.53 98.53 98.52
. /W - h‘) . D, e 15 100 98.14 98.07 98.05 ©98.05 98.04
H, Wik H. W ike D, 10 100 97.42  97.40 97.38 97.38 97.37
ke/s: H. 8 100 97.13 97.11 97.09 97.08 97.07
kJ/kg; H, kl/kg P, 5 100 96.77 96.75 96.74 96.73 96.72
MW; kJe 3 100 96.86 96.84 96.83 96.82 96.82
311 S 0 100 99.84 99.83 99.83 99.83 99.83
o o 4 50%
1
o 50%
50%
0.15% 9.5kJ/(kW * h) .
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1.3% 83.49k]J/( kW * h) ,
N, = —0.0008X2 + 0. 0694X, + 98. 066 (11)
s = — 0.0048X, +0.0974X; — 0. 6242X, + 99. 84
(12)
N | XV °
s = - 0.0022X; + 0. 1771X, + 95. 983 (13)
Na = - 0.0196X] +0.3463X; — 1.8561X, +99. 84
(14) 6
Nin ;XV °
50% 100%
0.25% 15.86kJ/( kW « h) . APROS
10% ~50% 3, APROS
(13) 3.35kJ/( kW * h)
o 10% 0.1% .
(14) 4 3 APROS
5% :kJ/(kW * h)
. 5%

100% 3.07% ( APROS (
200.76kJ/( kW * h) . ) ( ) ) %
3.1.2 100% THA 7244 .30 7244 .30 0.00 0.00

5
5 90% THA 7262.12 7262.12 0.00 0.00
3 85% THA 7277.92 7275.41 2.51 0.03
o 1MPa 80% THA 7283.80 7281.22 2.58 0.04
0.23% 26.43kJ/(kW « h) . 75%THA  7276.50  7273.15 3.35 0.05
3.1.3
68.8% THA  7217.60 7220.00 -2.40 -0.03
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3.2 K e=(H-H) -Ty(S-S5,) (15)
P K 20 21 K (16)
W . . o = % (16)
i 25, K 20C 0. IMPa H, =83.95kJ/kg S, =
(1) . . 0.2963kJ/( kg * K) -
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(2) PG .
(3) o .
(4) PG N . Pl Pl
3.2.1 Pl . ~ . . .
i . 68.8%THA
. ki K 4,
4 K
100% THA 68.8% THA 68.8% THA
PGl /MW i /% V4| /MW Gl /% Gl /MW Gl /%
1051.11 56.67 759.98 54.88 724.92 56.12
9.31 97.16 8.42 96.00 13.10 95.03
64.48 92.04 46.86 91.73 44.13 91.78
11.60 93.40 7.34 92.66 7.21 93.20
14.82 97.72 9.23 97.56 9.11 97.63
29.51 - 19.33 - 17.88 -
3.50 88.00 2.51 87.95 2.45 87.93
i 1184.33 - 853.67 - 818.80 -
88% X 6.2% APROS .
M 2.5% T 2.2%. (2) .
Al
i 35MW. DSl .
bl 88. 5% il (3)
35MW. 2l
KA .
4. 68MW. (4) i
X 35MW A
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