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Motivation for Research

6 Primary focus on violent water flows with breaking free surface, e.g. wave impact/slamming or
potentially explosive pipe flows

& Applications:

~

§ Coastal Defence

~

9§ Offshore structures

e

6 Dam and river flooding

6 Experiments are expensive and
require significant investment

6 Focus on computational methods

Whitehaven 2013 (North News)



Mesh-based Methods

6 Most common methods used in both \”H]w T || '
Industry and academia: Tkl

i Finite Difference Method (FDM) T

i Finite Element Method (FEM) i

i Finite Volume Method (FVM) 1

6 Robust, well-developed and mature
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i Multiple algorithms and models
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i Adapted for every application
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Mesh around a RAE 2822 transonic aerofoil
(NASA)




Mesh-based Methods

Meshing can be complex Deformation?
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Mesh around an airplane hull Waves breaking on the shore

(Photo courtesy of Siemens) (Photo courtesy of the University of Plymouth)
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Meshless Methods

Computation Points: Nodes -> Particles

Particles are not connected with a grid

Particles are not fixed but move with their own
velocity and acceleration

Each particle follows a unique trajectory

Particles are described through Lagrangian
derivatives: Rate of change along a trajectory




Local Interpolation

) travelling with them

6 Particles possess properties (density, pressure etc.

6 Particles are linked to their current neighbouring particles in space

6 Ne i g h bvalues aféct the properties of the particle through a summation

6 Particle movement also affected by neighbours




Introduction to Smoothed Particle Hydrodynamics

6 SPH is a Lagrangian meshless method: Computation points (particles) move
according to governing equations (Navier-Stokes Equations)

6 Basic idea: The value of a function A(r) at point r in space Is approximated as:

Alr) = gA(ri)al(r - ri)dw

W

6 Properties computed through local interpolation with a weighting function (kernel)
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Introduction to SPH

6 Navier-Stokes Equations

o dr dr. . .
5 Continuit — =_ - — )= m lu - u. 1O.W.
0 y dt r'bv < dt > aJ J( i j) iV V]
du . ©ep, po
5 Momentum d—u = - 1’E)p +mD°u+F - <—> =-ame 12 + p2 ub,W,
dt r dt j i iy
+P. +F

o Incompressible SPH Y Poisson Equation
6 Fluid Compressibility

o [Weakly Compressible SPH Y Equation of State




SPH for real problems

6 Real-life applications are complex
3D flows

6 Multi-scale problems with long
runtimes

6 SPH requires over 108 particles to
model them

6 Must do so as quickly as possible

OPTION: Use the Inherent

Photo by University of Plymouth

parallelism of the GPU
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SPH Solver DualSPHysics RS
CPU isssssssssssss: JPU
6 Open-source project, co-developed with the Universities of DuaISPHySICS
Vigo, Manchester, Parma and Lisbon http://dual.sphysics.org/

o Validated for violent water flows!?

6 Includes pre- and post processing software

|
| —

http://www.youtube.com/user/DualSPHysics/videos



http://www.youtube.com/user/DualSPHysics/videos
http://dual.sphysics.org/

Additional Capabilities

Integration with all existing
capabilities of DualSPHysics

A Wave Generator

A DEM model

A Floating Bodies

A Air-Water multiphase model
A Solid-Water multiphase model

A Object motion



