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Numerical Simulation for Sloshing Response of Free Surface
in Main Vessel of Fast Reactor by Earthquake

WEI Yuarryuan', LU Dac gang', LIANG Ya ping’
(1 School of Nuclear Science and Engineering, North China Electric Power University,
Beijing 102206, China; 2 ADINA Company, Beijing 100022, China)

Abstract: There is the free surface in the main vessel of fast reactor. When long period earth-
quakes happen, the fluid will impact the wall of vessel and make the reactor dangerous. The
3D finite element model of the main vessel is constructed using ADINA, and the phenomenon
of sloshing response to the free surface in the main vessel of fast reactor excited by 3 sine waves
is simulated. The impact pressure from this research has provided important loadings for the
integrality analysis of the main vessel. The feasibility of simulating the free surface flow and
the advantage of dealing with FSI questions are validated.
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Fig. 3 Vibration shapes at different modes of vessel
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Table 1 Natural frequencies Tigtanh(27h/ )] - T
at diff erent modes of vessel I = 2T[|: [ ] (1)
/Hz / Hz fi= VT (2)
1 17 6 16 35 8 : s h ;
2 17. 6 17 35 8 T
3 18 7 18 36 8 ,
4 18 7 19 36 8 Ti=32s f1= Q313 Hz ADINA
5 20 9 20 39 8 , ADINA
6 20 9 21 39 8
7 20 9 22 41 0 , ADINA
8 20 9 23 41 0 )
9 23 6 24 42 7 5 1~ 3 7.9
10 23 6 25 42 7
11 28 9 26 43 9
12 28 9 27 43 9 ’
13 39 28 464 Table 2 Vibration frequencies
1 39 2 al at different modes of FSI
15 336 30 49 1
/Hz /Hz
1 8 44 16 18. 2
) 1 ’ 2 8 44 17 18. 2
1 0 32 He, 4 3 9 25 18 19. 8
4 9 25 19 19. 8
B B 5 9 57 20 20. 2
[ 4], 6 9 58 21 20. 2
7 11 8 22 21.7
xj\y 8 118 23 21.7
9 12 8 24 23.5
10 12 8 25 23.5
11 13 2 26 25.5
12 13 3 27 25.5
13 13 3 28 26. 1
4 1 14 159 29 26. 1
Fig. 4 Vibration shap at first mode of fluid 15 16 0 30 30. 2
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Fig.5 Vibration shapes at different modes of FSI
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Fig.6 Time distance figure of vessel by input load
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Fig. 7 Time history of wave height at right side
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Fig. 9 Stress figure at different time of main vessel
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Fig. 10 Support reaction at different direction of bottom of vessel
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