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ABSTRACT: In the context of constructing a new power
system, the flexibility of coal-fired units is crucial for
accommodating fluctuating renewable energy. The condensate
throttling method plays a key role in enhancing unit flexibility
by fully utilizing the thermal storage of the steam turbine. This
paper establishes a 600 MW supercritical condensing steam
turbine system model based on the Modelica language. The
model is simulated using Dymola simulation platform and
validated against the design values. By analyzing the transient
response characteristics of the power regulation under different
throttle flow rates, the study further explores the unit’s
responsiveness to variable loads under different operating
conditions. Additionally, dynamic exergy flow and exergy loss
are analyzed for reheat system. The results indicate that both
the change in unit power and the maximum response speed are
positively correlated with the throttling flow rate. Under
different working conditions, the power increment exhibits an
exponential relationship with the condensate flow rate.
Compared with the 50% turbine heat acceptance (THA), the
maximum power increment increases by 64.5% and 105.4%
under 75% and 100% THA. Dynamic exergy analysis reveals
that the stored thermal energy in the regenerative heating
system is progressively released along the condensate flow
path, leading to a new thermodynamic equilibrium. The total
exergy loss and dynamic exergy response coefficient of the
deaerator and 1# low-pressure heater are higher than those
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of the remaining low-pressure heaters. The total exergy loss is
distributed across the deaerator, 1#, 4#, 3# and 2# low-pressure
heater in descending order. Therefore, condensate throttling
enhances rapid load regulation, with its load-dependent nonlinear
response driven by the dynamic release and redistribution of
stored energy in the regenerative heating system.
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Fig. 1 Turbine system structure diagram
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Table 1 Main design parameters of the turbine system
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Table 2 Comparison of simulation and actual operation results for the remaining operating conditions of
the 600 MW supercritical turbine system model
‘ 75%THA 50%THA 40%THA
T EEEE  hRddRE REM HEEGE LhrldE RE% iEEGE LhEEdE REY
FZEV7E J1/MPa 18.2 19.1 471 12.37 12.7 -2.6 10.15 10.19 039
EARIEIC 566 566 0 566 566 0 566 566 0
F ARV (Uh) 1212.48 1212.48 0 808.7 808.7 0 658.91 658.91 0
PRI L J1/MPa 2.84 2.84 0 1.93 1.93 0 157 1.58 -0.63
566 566 0 555 555 0 543 543 0
TG E/ () 1053.61 1065.24 11 723.92 717.18 0.94 594.36 589.07 0.9
& R S HEAUE 71/MPa 3.15 3.15 0 2.13 2.14 -0.47 1.74 1.76 ~1.14
R R HEA IR &/ (t/h) 756 766.33 -1.35 526.68 549.65 4.1 439.01 461.48 -4.87
R FLHRAE 71/kPa 4.93 49 0.61 497 49 1.43 5.12 49 4.49
B AP LR KR C 256.2 256 0.08 235.4 2333 0.9 225.1 2225 1.17
i TIERIMW 449.11 450 0.2 306.29 300 2.1 249.92 240 413
v ®3 BEARBRESNE
Table 3 Condensate flow rate setting parameter table
EYES T Dy/(t/h) Dd/(t/h) to/s
b DCI Wik 100%THA 1279.23 1023.43 530
D, FE2 100%THA 1279.23 768.03 710
t, HE3 100%THA 1279.23 512.43 1060
Y 100%THA 1279.23 256.83 2110
4 t, t ES] 75%THA 974.76 718.96 745
6 REENCRERCHILE WEL 75%THA 974.76 481.56 1107
Fig. 6 Change in condensate flow rate CESY T5%THA 974.76 337.56 1590
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Table 4 Parameter table of the fitted function for
different working conditions

T A t Yo R*
100%THA -4.304 —760.164 23.232 0.997
75%THA -6.109 —749.845 22474 0.999
50%THA -5.893 -618.116 17.373 0.999
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THL B R DRI 42T+ | 64.5%F1 105.4%, 153
17.4 1 13.9 MW.
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ARMIRE ST, 3R 5 4 SR L o i Dh 2R i 1 5 ik
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R T sty L, ELBE L K3

*5 AEIRTFHENETHERSR
Table 5 Regulation rate of unit output power under

different operating conditions
T B KR/ (Uh)60's P T Z I B /MW i 33 %/ (%Pe/min)

100%THA 1023.43 5.70 0.95
100%THA 768.03 411 0.68
100%THA 512.43 2.72 0.45
100%THA 256.83 1.29 0.21
T5%THA 718.96 2.92 0.48
T5%THA 481.56 1.88 0.31
T5%THA 337.56 1.27 0.21
T5%THA 157.56 0.56 0.09
50%THA 412.32 1.06 0.17
50%THA 308.12 0.77 0.13
50%THA 164.12 0.42 0.07
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