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Numerical Study on Cavitation at Low Opening Degrees and Seismic
Analysis for 3—axial Eccentric Butterfly Valve for Nuclear Power Plant
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ABSTRACT

In this study, a numerical study has been performed on the cavitation and earthquake damage that could occur when a 3-axial
eccentric butterfly valve for a nuclear power plant. The diameters of butterfly valves are 101.6 mm and 304.8 mm. In the case
of 304.8 mm, numerical analysis has been performed to predict the flow characteristics in the previous study, and it has been
verified that negative pressure occurred at 10 and 20 degrees. As a result of the analysis, the negative pressure has been
determined to be an error due to the flow rate that cannot flow. However, the inlet pressure in the nuclear power plant is high,
so numerical analysis has been additionally performed for cavitation. In addition, structural analysis has been performed to
investigate the structural effects of the valves caused by the earthquake. First, the natural frequencies of the valves have been
verified, and both the 101.6 mm and 304.8 mm valves have a natural frequency higher than the frequency range of the
earthquake. An additional structural analysis has performed to verify the stresses and deformation occurred by the earthquake.
As a result of analysis, it is verified that the effect of the valve by the earthquake is insignificantly. Therefore, even if an

earthquake occurs, there is no significant effect on the valve controlling the working fluid.
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Fig. 1 3—Axis eccentric butterfly valve

Fig. 2 Grid system of the butterfly valve

Table 1 Computational conditions for fluid analysis

Solver ANSYS CFX v14.5
Turbulent model k-e
Working Fluid Water(isothermal 142.61 C)
Valve diameter() [mm] 304.8
Inlet [kPa] 3185
m [kg/s] 283.88
Wall No slip
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Fig. 3 Geometry configuration of butterfly valves

Table 2 Computational conditions for structure analysis

Solver ANSYS v14.5
Isothermal condition 14261 C
valve diameter [mm] 101.6 304.8
actuator mass [kg] 16 22
actuator torque [N @ m] 321.7 1873.1
inner pressure [MPa] 1.965 1.965
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Hydro dynamic
pressure

(2) 101.6 mm (b) 304.8 mm

Fig. 4 Boundary condition of butterfly valves
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Table 3 Computational conditions for fluid analysis using

H
e

cavitation model

Solver

ANSYS CFX vl14.5

Turbulent model

Working Fluid

Water(isothermal 142.61 )

Valve diameter(D) [mm] 304.8
Opening degree [°] 10, 20 30, 40
Inlet [kPa] 3185 3185
50, 100(10°)
m [kg/s] 100, 150, 200 283.88
(20°)
Wall No slip No slip

(a) Mass flow rate 50 kg/s

(b) Mass flow rate 100 kg/s

Fig. 5 vapor volume fraction at different mass flow rate in

opening angle 10 °
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(a) Opening angle 30 °

(b) Opening angle 40 °

Fig. 6 vapor volume fraction at different opening angles
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Fig. 7 Possibility of cavitation at various conditions
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Table 4 Natural frequency at 101,6 mm valve
mode 0 ° [Hz] 90 ° [Hz]
1 108.1 108.1
2 156.7 156.7
3 235.7 235.7
Table 5 Natural frequency at 304.8 mm valve
mode 0 ° [Hz] 90 ° [Hz]
1 113.9 114.0
2 1972 197.6
3 263.2 263.2
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Table 6 Max stress and safety factor at 101.6 mm valve

Max Stress[MPa]
106
90 ° 72

Safety factor
236
347

Table 7 Max stress and safety factor at 304.8 mm valve

Max Stress[MPa] Safety factor

0° 177 141
90 ° 190 132
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