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Root Cause Analysis of Vibration Exceeding and Design Optimization
of Stagnant Branch of Reactor Coolant Loop
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Abstract: During the hot function test of nuclear power plant, it was found that the
vibration of a stagnant branch of reactor coolant loop (RCL) exceeded the limit. Ac-
cording to the natural modal analysis, acoustic modal analysis and the variation trend of
measured vibration with temperature, it is inferred that the acoustic vibration of the flu-
id in the pipeline causes the resonance of the pipeline. According to the calculation of
vortex shedding frequency and acoustic vibration frequency, it is inferred that the acous-
tic vibration and the vortex shedding frequency of fluid at the tee are locked, which

leads to the amplification of acoustic vibration excitation. Based on the analysis result

Wi HHA:2020-03-27 ;98 [B] H 8§ :2020-05-20

B ST E : R HE oK HE A L 3 TR L U8 B 5T H (2018ZX06001001)

EEE A28 A998 B AUARITKN P LRI 1 R Rl 5 TR Ll

* BAEIEE FFWI%, E-mail: zhengmg@ snerdi. com. cn

M 2& H R B8] : 2020-08-26 5 W 4% B AR 3E : http: // kns. cnki. net/kems/detail/11. 2044. TL. 20200825. 1604. 008. html



SEILM BK AR S [l R 2 SO AR SlE AR 19 LR 3 B S A 2195

and measured data above, it is determined that the cause of the vibration exceeding is

the fluid-acoustic-structure coupling vibration. The pipe supports were optimized to

avoid resonance frequency of acoustic structure coupling. The fillet at the tee was used

to weaken the vortex shedding, so as to reduce the amplitude of flow-excited acoustic

resonance. The vibration of the optimized branch will be significantly reduced to ensure

the safety of the pressure boundary.

Key words: stagnant branch; acoustic frequency locking; fluid-acoustic-structure cou-

pling
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Fig. 1 Stagnant branch layout model
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Fig. 2 RCL temperature and reactor

coolant pump speed in heatup process
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Table 1 Natural frequency of stagnant branch

1 4 CEY 25/ %
ik Hz . y B

8 10. 41 0. 00 0.13 0.05

9 18. 32 0. 00 0.12 0. 00

10 23.33 0.03 0. 00 0.11

11 25.17 0. 00 0.02 0.13

12 40. 63 0. 00 0. 00 0.03
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Fig. 6 Vibration mode of stagnant branch
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Fig. 7 Temperature distribution of stagnant

branch under normal operation
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Table 2 RCL status and squib

valve vibration frequency
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Fig. 8 Comparison of theoretical value and

measured value for acoustic vibration frequency
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Fig. 9 Online monitoring system of stagnant branch
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Fig. 10 Time frequency diagram

of squib valve vibration
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