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Study on the Strategy for Delaying Transition to Wet Mode
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Abstract: To address the decline in economic efficiency, operational safety, and environmental
performance of ultra-supercritical once-through boilers caused by wet mode operation during deep peak-
shaving, this paper proposes three boiler-side regenerative heating schemes—namely intermediate-point
extraction regenerative heating, main steam extraction regenerative heating, and boiler-side thermal
energy storage regenerative heating—to delay the transition to wet mode. A 660 MW ultra-supercritical

once-through boiler model is established and validated. The minimum critical loads for wet mode
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transition and dry-mode operation are determined under the three schemes, the variations in working
fluid parameters and heating surface temperature before and after delaying wet mode transition are
analyzed, and the exergy efficiencies of the regenerative heating processes are compared. The results
indicate that by adopting intermediate-point extraction, main steam extraction, and boiler-side thermal
energy storage regenerative heating, the minimum critical load for transition to wet mode can be
reduced from 25.67% THA to 19.71% THA, 19.84% THA, and 19.77% THA, respectively and the
minimum load for dry-mode operation can be reduced from 26.84% THA to 21.12% THA, 21.26%
THA, and 21.19% THA, respectively. Among the three schemes, intermediate-point extraction
regenerative heating exerts the least influence on the main steam and reheat steam flow rates while
effectively increasing steam temperature, thereby contributing to stable unit operation. In contrast, the
other two schemes cause more pronounced parameter fluctuations. The boiler-side thermal energy
storage regenerative heating achieves the highest exergy efficiency (91.98%), followed by the
intermediate-point extraction regenerative heating (89.97%). Considering the delay capability,
parameter stability, and regenerative exergy efficiency, the intermediate-point extraction regenerative
heating scheme is identified as the optimal approach. The findings of this study can serve as a reference
for optimizing deep peak-shaving operations in ultra-supercritical once-through boilers.

Keywords: ultra-supercritical once-through boiler; low-load operation; delaying transition to wet mode

strategy; boiler-side regenerative heating; exergy efficiency
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Tab 1 Design operating condition parameters
it/ THA 100.00% 75.00% 50.00% 30.00%
FEERH /(D) 1842.80 1337.80 879.80 550.00
FZIRET1/(MPa) 29.08 21.52 14.37 11.56
FHEVRIE/(°C) 605.00 605.00 605.00 605.00
PIGETIR /(R 1567.34 1161.90 780.92 496.66
TEHGEA T J1/(MPa) 6.01 4.48 3.03 1.90
PR TR EE/(°C) 358.00 362.00 368.00 365.00
TGRS THRIE/(C) 623.00 623.00 623.00 592.00
PR T J1/(MPa) 5.85 4.36 2.95 1.84
257K K. 71/(MPa) 32.26 23.92 16.05 12.48
ZIKIREE/(°C) 299.00 280.00 256.00 229.00
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Fig. 2 Boiler static simulation model
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Tab3 Comparison and relative error between calculation results and reference data

24 THEAH Z% 10 AT IR 22/%
ARGt $gs s FRIR/(°C) 601.26 605.00 -0.62
— G AR TRIR/(°C) 441.09 441.00 0.02
TG R R/ (°C) 584.16 584.00 0.03
IG - R/ (°C) 539.77 538.00 0.33
RGP HVRIR/(°C) 592.64 592.00 0.11
AR O T REE/(°C) 276.18 275.00 0.43
PR ZE VIR (°C) 354.05 354.00 0.01
R T J1/(MPa) 11.56 11.56 0.00
PSR T S1/(MPa) 1.84 1.84 0.00
TRV BE H E1E F1/(MPa) 12.07 12.07 0.04
ZE AR R/ (°C) 321.78 322.00 -0.07
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Tab 4 Details and parameters of three schemes
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