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ABSTRACT

In marineand ocean engineerinfjuid-structure interactiorfFSI) phenomenon
exists widely which presentseally complicated mechanisrrirstly, the oupling of
multiple physical fieldduring the intense interaction between the structure and the
wavesareinvolved. Then,strong nonlinar phenomenorof free surfacesuch as large
deformation, rollingsplashingjet, bubble involvemenand broken, can be observed.
Due to thewaveinducedloads, the structure will move with six degrees of freedom
with strong threedimensional deformatiooharacteristics at the same tiriée above
characteristics further increase the complexity ofRBéproblens andbring the huge
challengs to the numericalsimulation. In order to accurately capture tHeSI
phenomenorof ships andoffshore structurs in complexoceanenvironments, it is
importantfor usto studythe interactios between elastic structures and free surface
flow. As a newy developedmeshless method, Moving Particle semplicit (MPS)
method describebe fluid motion based w Lagrangiarmodel It has itscharacteristic
advantagesn dealing with large deformationf free surface without tracking the
interface.Finite Element Method (FEM) is one of the widely used numenezthod
which is relatively mature in solving theructural dynamic responseén this thesis
the respective advantages of MPS method and FEM matie@dmbined taform an
effective threedimensionalnumerical methodaiming to provide an effective means
of computational analysis for the interaction betwevave flow and elastic structure,
and further analymg themechanisnin the FSI problems

In the first part of thighesis the principal theoles of MPS method and FEM
method and the investigation of MPSFEM coupkéd method as well asthe
development of MPSFSI solver are mainly described. Fidstlged on the meshless
MPS theory,the thin-wall boundary particleshe virtual particle model on the free
surfaceand surface tension modaleintroducedto improve the solid wall boundary
condtion and theinteractions between theee surface particte respectively Then
for solving the3D structural dynamic responsthe solid element and shell element
are introducedbased onthe FEM solution moduleAt the same timethe output
module of structural stredstrain is developedTo couple MPS method and FEM
method, the explicit partition coupling strategy based @onventional Serial
StaggeredqCS9 is adopted. For the fluidolid spatictemporalisomerousnterface,a
bidirectional time asynebnous strateggnd3D Kernel Function Based Interpolation
Technique(3D 1 KBFI) are proposedin the developmenwof the FSlsolver, C++
language isapplied for programming A set of MPSFSI solver with independent
intellectual property rightbegnsto take shape

In order to validate the MPSFSI solver systematically, thensotbule validation



and the overall validation of the solver are carried out intti@sis In the submodule
validation,the validation of the fluid analysis module basedMRS methodandthe
validation of the structural dynamic analysis module baseBEM method as well
asthe validation of fluidsolid interface interpolation modubre carried outin the
verification ofthe fluid analysis module based on MPS methhbd stability of flow
field pressure andability of free surface capturare validated respectively by
simulating thedambreakflow slammingon thin wall andthe liquidsloshing problem

of a vertical excited tankIn the verification of FEM module, the accuracy and
stability of structure solver analidatedby the simulation of vibration response af

3D cantilever beam under concentrated load. Inveiiglation ofinterpolation module,

the stability, accuracy, convergence and energy conservation properties of the
developed dataterpolationalgorithmis validated by two case3D hydrostatic water
column on a deformable plagnd a 3D forced deformable platender the initial
excitation In the overall validation of the solver, the stability and numerical accuracy
of the FSI solver in the 30FSI problens arevalidatedby two typicalFSI benchmark
tests the 3D dambreak flowinteractingwith the elastic gateandthe 3D dambresk

flow slamming onan elastic obstacle.The good agreemestbetween present
numerical resutand published experiment dgieovethe efficiency andaccuracyof

the present coupled methothe resultindicatesthat the MPSFSI solver has high
reliability for simulating3D FSI problems.

In this thesis the MPSFSI solver ispplied to simulate theuniversal FSI
problems inthe shipandocean engineerind.he research objectan be divided into
local slamming prolem and overall slamming problemin the local slamming
problem, the phenomenorof green water and water entry are mainly investigated.
While in the overall slamming problenthe motion response of the floating body in
the waveis mainly analyzed. In thishesis MPSFSI solver isppliedto simulate the
interaction between the 3D ddmeak waveand an elastic columas. Firstly, the
stability and convergencef the proposedolveris validatedby simulating the3D
dambreak flow slamming on rigid square columns. Then, the effect of column shape
and structural elasticity on the slamming process is anglyespectively

In this thesis MPSFSI solver isppliedto simulate thevater entry problems of
elastic structtes. The accuracy oMPS method isvalidatedfirstly by simulating the
water entry problenof a 2D rigid cylinder.Then,through simulating the water entry
of the elastic cylindrical shell and the elastic wedtmes influence of structural
elasticityon free surfacé svolution,the pressure distributioandthe impact loagre
investigatedas well as therajectoryand the dynamic response of the structiice
observe the3D characteristics of the structdrdynamic response and flow field
evolution in the complexFSI problem, the simulation of the3D elastic wedge
entering water is carried out.

In this thesis the MPSFSI solver iappliedto simulate the interaction between



waves and an elastic floating bodiy.the view ofthe motion characteristics othe
floating-body in waves, a hydroelastic solution method based on-IMES couped
methodis proposed to realize the combination of ripoldy motion and elastic
deformation of structure. Thefficiency of proposedmnodel isvalidatedby simulating
the interaction between dam break waves and elastic floating baigsod
agreement between present numerical resaltd published experiment data
demonstratethe accuracy of the present coupled methidten,the applicability of
the mode is validatedwhen it is extended toB3 model. Finally, the MP&EM
coupling method isappliedto simulatedthe interaction between waves and elastic
shiphulls.

Keywords: Moving Particle Semi-implicit method, Finite Element Method,
MPSFSI solverFluid-Structure Interaction, wavstructure interactioproblem dam
break flow, water entry problem.
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ALE Arbitrary LagrangiarEulerian method

BEM Boundary Element Method

CCFS ContouredContinuumSurfaceForce model

CFD Computational Fluid Dynamics

CSD ComputationaStructuralDynamics

CPU CentralProcessingJnit T ~

CSF ContinuumSurfaceForcemodel Z ~

CSS Conventional Serial Staggeredy ~

CUDA Compute Unified Device Architecture

FDM Finite Differential Method

FEM Finite Element Method 1 'H ~

FVM Finite Volume Method

GPU Graphic Processing Unit v "HY

IMPS Improved MovingParticle Semimplicit

ISPH Incompressible Smoothed Particle Hydrodynamics

KVLCC2 the second variant of the KRISO Very Large CrodeCarrier

LES Large Eddy Simulation

LS Level Set

ZJijmde Meshless Particle SolveiShanghai Jiao Tongniversity

MPSFSI Moving Particle Semimplicit -Fluid-structurelnteraction

MPI Message Passing Interface D o ~

MPS Moving Particle Semimplicit method -~ \ ~
Moving Particle Semimplicit method in Fuid-Structure

MPSFSI .
Interactionproblems

naoeFOAM- . . . ,
naoeFOAMi Shanghai Jiao Tong University

SJTU

NS NavierStokesequations

NSD-MPS No Surface Detection MPS

PPE Pressuréoisson Equation

PST Particle Shifting Technique k -

RANS ReynoldsAveraged NaviefStokes NS ~

Re Reynolds number




SPH Smoothed Particle Hydrodynamiicso

VOF \olume Of Fluid ror

WCMPS Weakly Compressible MPS

WCSPH Weakly Compressible SPH
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Fig 2-6 Theplane rectangular element
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