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Calculation and Analysis on the Flow Instability of

an Ultra Supercritical Boiler under Low Load

OUYANG Shijie, LI Juan, DONG Le, ZHOU Xihong, YANG Dong

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To study the flow instability of an ultra-supercritical boiler under low load operation,
this study established a one-dimensional single-channel model, and a general numerical model for
the flow instability analysis of the ultra-supercritical boiler with different geometric structures
and thermal parameters was established. Based on the good agreement between numerical and
experimental results, the flow instability of water wall system of a 1 000 MW ultra-supercritical
boiler in Qinyang Power Generation Company was numerically calculated (40% turbine heat
acceptance). The influences of thermal line density on the import and export flow amplitude and
time stability were analyzed when the dynamic flow instability occurred in the circuit No. 9 of the
shortest tube on the front wall, the circuit No. 32 of the longest tube on the left wall, and the
circuit No. 107 of the strongest heating tube in the upper furnace. The results showed that with
the increase of the disturbance intensity of heat load, the amplitudes of the flow fluctuation at the
inlet and outlet increase gradually. The thermal load line densities of circuits 9, 32, 107 are

3.389.3.520 and 3. 172 kW/m, respectively. With a higher thermal load line density, the import
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and export flow rates of the typical circuit require longer time to reach stable; and the flow state

is not stable with greater pulsation amplitude. The results can provide a guidance for the design

of the ultra-supercritical boiler under low load operation conditions.

Keywords: ultra supercritical boiler; time-domain method; low-load operation; flow instability
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