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Numerical simulation of erosion in defective L-bends caused

by particles in lead-bismuth alloy
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Abstract: The method of coupling computational fluid dynamics and discrete phase model was used to
calculate the erosion rate of defective pipes under different working conditions. The erosion rate and
erosion key areas under different working conditions are compared, and the influence mode of defects
on erosion is revealed. The results show that: (1) With the increase of lead-bismuth eutectic flow
velocity, the erosion area of both defective and intact pipelines expands significantly. However, the
maximum erosion rate of defective pipes decreased, and the erosion rate of intact pipes increased
slightly. (2) The increase in particle size will cause the erosion area of the defective pipe to shift from
the defective location to the inlet straight pipe section; for intact pipelines, the erosion is concentrated
near the entrance of the elbow, and the erosion area of both pipelines is significantly expanded.(3)The
existence of defects increases the turbulence intensity at the pit location, and the erosion position of the
elbow is concentrated in the pit position, and the maximum erosion rate of the pit position increases
significantly with the increase of the pit size.
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Table 1 The physical property parameters of liquid LBE
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A puse! (kg - cm™)
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BN SIFEE m/(Pa - s)
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p=11096 - 1.326T
¢, =159 - 2.72 x 107°T + 7.21 x 10°°T?
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Fig. 1 Pipeline structure diagram
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Fig. 2 Erosion rate distribution in L-bend with defect for different flow velocities (unit:kg:m?-s")

(a) 1.2 m/s

1.63x107
. 1.47x107
1.30x1077
1.14x107
9.77x10*
8.14x10*
6.52x10°*
4.89x10°*
3.26x107*
1.63x10*
0

(c) 1.6 m/s

3.78x1077
. 3.40x107
3.02x107

2.64x107 |
2.27x107
1.89x1077
1.51x107
1.13x107
7.55%10°*
3.78x10 %
0

(b) 1.4 m/s

2.16x107
1.94x107
1.73x1077
1.51x107
1.29x1077
1.08x107
8.63x10°*
6.47x10°%
4.32x10°*
2.16x10°*%
0

(d) 2.0 m/s

7.70%107
. 6.93x107 -~
616x107 (-

5.39x1077 ~
4.62x107
3.85x107
3.08x10~7
2.31x107
1.54x1077
7.70%10°*
0

B3 AFGE TS B SE R MR R & (7 kg m™s™)

Fig. 3 Erosion rate distribution in L-bend for different flow velocities (unit:kg-m?-s™)
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(a) along the centerline of a straight pipe (b) along the lower end of the pipeline axis (c) along the pipeline axis near the upstream end
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Fig. 4 Velocity distribution in pipeline inlet section
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Fig. 5 Pressure contours of L-bend for different flow velocities (unit: Pa)
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Fig. 6 Pressure contours of L-bend with gap for different flow velocities (unit:Pa)
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Fig. 7 Trajectory plots for different fluid flow velocity
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Fig. 8 Erosion nephogram of L-bend with defect under different particle sizes (unit:kg':m>-s™)
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Fig. 9 Erosion nephogram of L-bend under different particle sizes (unit:kg-m™>s")
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Fig. 12 The contour of the erosion rate in L-bend under different gap sizes (unit:kg-m?s™)
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