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Fig. 2 Temporal evolution of the concentration distributions

of salt with 1. 0 mol/L salinity
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Fig. 3 Temporal evolution of the concentration distributions of

methane with 1. 0 mol/L salinity
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Fig.4 Evolution of dissociation rate of methane hydrate

for different salinities
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Fig. 5 Evolution of average temperature in the calculation

domain for different salinities
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Free vibration analysis of laminated composite plates based on
thin plate spline radial basis functions

SONG Wei-wei " "%?, XIANG Song'?, ZHAO Rui'?, ZHAO Wei-ping"?, GUO Han'*
(1. General Aviation Key Laboratory of Liaoning Province.Shenyang Aerospace University,Shenyang 110136 ,China;
2. Liaoning General Aviation Academy,Shenyang 110136, China;

3. Department of Civil Aviation,Shenyang Aerospace University, Shenyang 110136 ,China)

Abstract; Based on the trigonometric shear deformation theory of laminated composite plates, the
governing differential equation of symmetric laminated composite plates is derived. The free vibration
behavior of symmetric composite laminates is predicted using discrete governing differential equation
derived from a meshless collocation method based on the spline radial basis functions for a thin plate. The
natural frequencies of the laminated composite plates with different material parameters and geometric
parameters were calculated and compared with some published results. The effects of the grid pattern
modulus ratio,and the side-to-thickness ratio on natural frequencies are also studied. The results show
that the calculation results of this article are in good agreement with the published results. The larger the
number of nodes, the less sensitive the dimensionless frequency is to the grid distribution. The natural
frequency increases with the increase of the edge thickness ratio and modulus ratio. Through numerical
experiments,it is proved that the trigonometric shear deformation theory combined with the thin plate
spline radial basis functions for a thin plate has high numerical accuracy and good convergence for the

free vibration analysis of symmetric composite laminated plates.

Key words: trigonometric shear deformation theory;laminated composite plate; free vibration; thin plate

spline radial basis function;natural frequency
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LBM simulation of the effect of salinity on dissociation
characteristics of methane hydrate

GENG Fei-fan', DONG Bo*', ZHOU Xun?, ZHANG Ya-jin', CUI Jia', LI Wei-zhong'
(1. Key Laboratory of Marine Energy Utilization and Energy Conservation of the Ministry of Education,
School of Energy and Power Engineering, Dalian University of Technology,Dalian 116024 ,Chinaj;

2. School of Vehicle and Transport Engineering, Henan University of Science and Technology,Luoyang 471003, China)

Abstract: The dissociation process of marine methane hydrate is affected by seawater salinity. Based on
the lattice Boltzmann method,a numerical model is established to simulate the dissociation of methane
hydrate in brine at the pore scale. The dissociation kinetics of methane hydrate, mass transfer of methane
and salt, gas-liquid two-phase flow and heat transfer are comprehensively considered,and the effect of
salinity on methane hydrate dissociation is described by introducing additional source terms. On this
basis, this paper analyzes the effect of salinity on dissociation characteristics and heat transfer
characteristics of methane hydrate. The results show that the dissociation rate of methane hydrate in the
salt solution is significantly faster than that in pure water. The dissociation rate increases with salinity
and the dissociation duration decreases with salinity. Besides, the average temperature in the calculation
domain drops sharply at the initial stage of hydrate dissociation and gradually increases to the initial inlet
temperature. The lowest average temperature increases with salinity. Therefore, the increase in salinity
can accelerate the dissociation rate of methane hydrate and reduce the heat absorption of hydrate dissoci-

ation.

Key words: methane hydrate; salinity;lattice Boltzmann method; dissociation characteristic; heat transfer

characteristic



