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Dynamic modeling and variable load control optimization for 600 MW class
ultra-supercritical coal-fired power generation units
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(1.State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2.Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: To improve the control effect of key parameters and energy conversion efficiency of ultra-supercritical
coal-fired power generation units during load cycling process, 600 MW class ultra-supercritical coal-fired power
generation units are taken as the research objects to carry out modeling and verification. The deviation of key
thermal parameters meets the specified range of thermal power simulation standard. The spatiotemporal
distribution model of internal heat storage in thermal system of coal-fired power generation units is established,
and the water-fuel ratio and flue gas damper opening control logic of the feedforward internal heat storage state of
the unit are proposed. The real-time heat storage state of the unit during the load cycling process is fed forward to
the flow rate of feed water, coal, and flue gas damper control. The simulation results show that, when the unit load
cycling rate varies from 1.0% Pe/min to 3.0%Pe/min within 40%~70% THA load range, the absolute value of the
cumulative main steam temperature deviation rate decreases by 27%~31%. The average power generation
standard coal consumption rate of the unit decreases by 0.37~0.65 g/(kW h) during the transient process. The
proposed control strategies improve the control accuracy of key thermal parameters and the energy conversion
efficiencies of the ultra-supercritical coal-fired power generation units during load cycling transient processes.
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Fig.1 Schematic diagram of thermodynamic system of the 680 MW ultra-supercritical coal-fired power generation unit
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Tab.1 Main thermal parameters of the 680MW ultra-supercritical coal-fired power generation unit

WK S st st TR TR TR 4K 257K
) R/ C J& /3/MPa Vikt/(kg s7Y) REIC & F1/MPa Wit/ (kg s7Y) R/ C £ S1IMPa
BMCR 605 26.15 555.9 603 5.87 468.6 298 29.75
T5%THA 605 19.09 360.5 603 391 312.6 271 21.25
50%THA 605 12.62 234.8 590 2.59 208.1 246 14.69
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Tab.2 Proximate and ultimate analysis of coal
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Fig.2 Simulation model of the ultra-supercritical boiler
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Tab.3 Verification results of main thermal parameters of thermal system under stationary work conditions

B fif ZH Wi i BAE RZE%
TARRIRLEIC 605.0 605.9 0.15
IR SIMPa 26.04 25.80 0.84
TGRS/ C 603.0 603.4 0.07
100%THA TGRS E S1IMPa 5.13 5.17 0.77
YKIRE/C 290.0 290.2 0.05
457K 71/MPa 29.39 29.38 0.03
HeMRRLE /C 121.0 122.1 0.91
TR/ C 605.0 605.2 0.03
LIRS S1IMPa 19.09 19.10 0.05
FBHERIRE/C 603.0 603.1 0.01
75%THA FBHIGERETIIMPa 391 3.93 0.51
4K/ C 270.6 272.0 0.52
#7K K F3/MPa 21.25 21.43 0.84
HEER FE/ C 108.0 108.7 0.69
FERIELE/C 605.0 605.9 0.14
TV S1/MPa 10.29 10.46 1.65
FHHERIRE/C 580.0 585.1 0.86
40%THA IR ETIIMPa 2.07 2.10 1.35
KR EE/C 234.2 238.8 1.96
257K & 71/MPa 12.17 12.02 1.23
HERIR R/ C 93.0 94.2 1.30
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