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Numerical simulation study to the causes of water wall tube cracking
in W-flame furnace based on multi-physics field coupling
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Abstract: Since participating in deep peak shaving, water wall cracking faults have occurred frequently in a supercritical W—flame
DC boiler of a power generation enterprise in Guizhou, resulting in a significant increase in unplanned shutdowns of the units. This
article is based on numerical simulation methods to establish a local three—dimensional model of the boiler screen that is prone to
cracking. Multiple physical field coupling numerical simulation research is carried out to solve the maximum temperature, thermal
stress, maximum shear stress distribution, and maximum deformation of the pipe screen in the BMCR and 40% BMCR working
conditions of the model. The simulation results are compared and analyzed with the on—site situation. It is found that the main reason
for cracking at the back fire side weld of the 423™ pipe screen is that thermal stress is concentrated in this area, causing longitudinal
cracks to expand to the weld, and the maximum shear stress in the opposite vertical direction of the water—cooled wall pipe in this
area, which has a tearing effect on the pipe material. In multiple deep adjustment operations, cracking failure at the weld seam is
accumulated and caused. The conclusions can provide reference for unit operation adjustment and preventive maintenance strategies.
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Fig. 1 General process of thermal stress analysis
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Fig. 2 Geometric model of computational domain
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Table 1 Parameters of 12Cr1MoVG material at different temperatures

R/ PR, RN REY SRR HeIhA/ . JENRGRE, VYRR 1/
C GPa 107°C (W-(m-K)™")  (J-(kg-K)™H) L MPa MPa
350 187 1.410 36.2 607 0.307 225 120
400 181 1.420 35.4 657 0.298 219 114
450 174 1.435 34.6 684 0.300 211 111
500 165 1.450 33.7 712 0. 301 201 108
550 157 1. 460 32.8 737 0.295 187 105
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Fig. 3  Temperature distribution of tube screen section under

BMCR and 40% BMCR conditions
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Fig. 4 Thermal stress distribution of tube screen section under

BMCR and 40% BMCR conditions
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Fig. 5 Distribution of maximum shear stress in the YZ direction of

the tube screen under BMCR and 40% BMCR conditions
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Fig. 6 Total deformation of the cross—section of the tube screen

under different working conditions
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Fig. 7 423" single pipe outer wall circumferential safety factor
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