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Flow and Structural Improvement Design of LNG Ship Butterfly Valves
based on Fluid-Heat-Solid Unidirectional Coupling Calculation

ZHU Lan-xin, CAI Zhen-wei, WANG Wei-zhe
(School of Mechanical Engineering,Shanghai Jiao Tong University, Shanghai,China,Post Code :200240)

Abstract; Taking the ultra-low temperature butterfly valves as the research object and liquefied natural
gas (LNG) as the fluid working medium, the parameterization processing of structure size of butterfly
plate was carried out by using Solidworks software. Based on computational fluid dynamics numerical sim-
ulation technology, the fluid-heat-solid unidirectional coupling calculation analysis of butterfly valves was
performed by using Ansys software, the flow coefficient of the butterfly plate under different butterfly
valve opening of 90° — 10° was calculated, and the effects of different butterfly plate structure parame-
ters on the butterfly valve circulation performance, the butterfly plate displacement and stress behavior
under butterfly valve opening of 10° were analyzed. The calculation results show that reducing the butter-
fly plate thickness can significantly enhance the flow performance of the butterfly valve, and reduce the
maximum stress on the butterfly plate; decreasing the journal thickness has a weaker effect on improving
the flow performance of butterfly valves, but it can effectively reduce the maximum stress on the butterfly
plate.

Key words: LNG ship butterfly valve, flow characteristics, parameterization, structural improvement de-
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Fig. 1 Three-dimensional model of butterfly
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Fig. 2 Schematic diagram of butterfly plate

parameter selection
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Tab. 1 Selection range of variable parameters

for butterfly plate structure

Z a1 Bdm2 A3 R4 MRS

d,/mm 100 98 96 94 92
d,/mm 98 96 94 92 90
dy/mm 29.5 31.5 33.5 35.5 37.5
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Fig. 3 Flow field analysis model and meshing
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Fig.4 Curve of flow coefficient changing with

the number of grids
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Tab. 2 Physical parameters of LNG
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Fig. 5 Finite element mesh division of butterfly valve model
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Fig. 6 Curve of maximum stress value changing

with the number of grids
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Tab. 3 Parameters of 316L material at different temperatures''’

wE/ W A i/ G/ Lo A/ Wk R
/K NEL/NAA
kg-m 3 GPa We(m-K) ! J- (kg-K) 7! 107 6.K"!
40 7970 209 0.283 5 190 13.0
77 7970 209 0.283 8 190 13.0
80 7 970 209 0.283 8 251 13.0
100 7970 195 0.294 11 251 15.8
150 7970 195 0.294 11 490 15.8
295 7970 195 0.294 15 490 15.8
300 7970 195 0.294 15 490 15.8
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Fig.7 Cloud diagrams of pressure on middle section of

butterfly valve under different opening
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temperature distribution
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