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Welcome! DusE b ics

We warmly welcome you to the School of Mechanical, Aerospace
and Civil Engineering at the University of Manchester

But first some history:

Manchester emerged as the world's first industrial city.

Manchester businessmen and industrialists established the

Mechanics' Institute( Owenodés Col | ege, UMI ST,
University of Manchester) to ensure their workers could learn

the basic principles of science.

University can count 23 Nobel Prize winners amongst its
current and former staff and students



Manchester History

You are in a very historic place
for science & engineering!
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Role of Manchester in Scientific &
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MODERN CHEMISTRY:
John Dalton (1766 T 1844)

foundation of modern
atomic theory

SPLITTING THE ATOM

Ernest Rutherford at
Manchester University
discovered how to split the
atom in 19109.

electron orbits

Engineering Development

1st LAW THERMODYNAMICS| | REYNOLDS NUMBER IN

mechanical equivalence of
heat postulated by James

Prescott Joule (1819-89)

TURBULENT FLOWS:

Experiments conducted by
Osborne Reynolds

the dimensionless number

COMPUTERS GRAPHENE:
15t memory programmable Thinnest supermaterial
computer & in the world
- Won the Nobel Prize
- Alan furing for PhyS|cs In 2010
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Jodrell Bank (Cheshire) a \(contraceptive pill (1961) and

Lovell built world's largest | fjrst test tube baby (IVF) was
steerable radio telescope just (1978).

after the Second World Warr.

Thewor | doés fir st VORES FORMWOMEN:

station Pankhurst founded
(Liverpool Road, 1830) Women's Social & Political
g Union in 1903
leading to the Suffragette
Movement

Role of Manchester in Scientific &
Engineering Development

World's 1st steam-
powered mill, opened
in 1783 by Richard
Arkwright for cotton.

Wor | %0 s
professional football
league

set up in




School of MACE

What happens in MACE?
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School of Mechanical, Aerospace and
Civil Engineering (MACE)

A 1000 Undergraduate students on 3 programmes: Mech, Aero & Civil
A 500 Postgraduate Taught (PGT) Students

A 250 Postgraduate Research (PGR) Students

A 120 Academic Staff + 60 Postdocs

Research in MACE:
Aerospace engineering Researchmap g

Our research in

B | O - e n g | n e e rl N g mechanical, aerospace

and civil engineering is

curiosity driven and

CI I M a.te Ch a.n g e ‘ industry inspired.
Innovative manufacturing |

Management of projects

Modelling and simulation

Nuclear engineering

Offshore energy and coastal engineering
Structural and fire engineering

Laser manufacturing

http://www.mace.manchester.ac.uk
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Modelling and Simulation Centre
(MaSC)

What happens in MaSC?
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Modelling and Simulation Centre (MaSC)

A EDF & University of Manchester i established in 2011 a new centre
focusing on M&S

A Initially CFD & Computational Solid Mechanics

A Now includes welding technology, long-term structural graphite
integrity

Aims of MaSC.:

A Scientific Excellence i facilitating world-wide take-up of EDF open-
source codes

A Advanced Studies i real engineering problems

A Partnership - stakeholders hvag W e s
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N

: . N L
Skills development - training o\
f’l




Modelling and Simulation Centre (MaSC)

Welding Technologyi experimental and numerical investigations of
microstructure & weld performance

Nuclear reactor boiler support weld model

Mechanics and Physics of Solids i quasi brittle materials, metallic
materials, transport through porous media

Meso-scale modelling of
conrete

Moisture in cement
Cracked graphite moderator



Modelling and Simulation Centre
(MaSC)

And of course SPH!!!
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Overview

A Motivation and why SPH
A What is Smoothed Particle Hydrodynamics (SPH)?

A What can SPH do? Why is it revolutionising areas of engineering

simulation?

A DualSPHysics
T Where did it come from?

I What is a GPU?

I What can it do?

I Who are the DualSPHysics team?

I What SPH activity happens in Manchester

SPHERIC - SPH European Research Interest Community

cpu v
DualSPHysics




Original Motivation for SPH

A Free-surface flows are rarely singly connected, e.g. beaches & wave

energy devices
Overtopping:
Breaking waves on beaches o

Wave Energy Devices:
Manchester Bobber

up (Photo courtesy of F. Raichlen)

Very complex Multi-phase Multiscale
problems

SPH: Has some distinct advantages in simulating these situations



Classical SPH Formulation Example

2011 Japanese Tsunami

Crespo et al. (2012)
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Meshless methods: Basic Idea of SPH

Meshless Our computation points are particles that now move according to
governing dynamics , e.g. Navier-Stokes Equations

Particles move along a trajectory by integrating in time their velocity &
acceleration

Particles possess fluid properties that travel with them, e.g. density,
pressure; these can change with time

m.
Local Interpolation (summation) with a <A(r )>0 A A(rj)W(r T h)_J
weighting function (kernel) around each j=1 j
particle to obtain fluid properties

Radius of
influence ®
@
Water ®e ® o
Particles® ® ®
o
® ® e
® O
: : | )
Part!cle j of mass m ° oo © Compact suppc
moving at velocity v, ® o o of kernel



Equations of Motion: Approximated by

Summation
A Navier-Stokes equations: dr
—=-/b.v
dt
dv 1
— =- —Pp+uP?Uu+F
dt r
A Are recast in particle form as

(XSPH- Monaghan 1992)

m 2 Gy

TR
adm _
¢ dt +

(I use i andj to denote different particles)

This is the classical SPH form, we will change this!




Equations of Motion: Approximated by

A Navier-Stokes equations:

Summation
d_r =-/bv
dt

A Are recastin

Main points are that:

() we do not need to treat the

(XSPH-M3 ™" free surface
%:V- gt
at " “9(ii) No expensive meshing
adm

cdt 9 (i) SPH is Meshless & can

(useiand] to der therefore capture nonlinearity

This is the classical SPH form, we will change this!




SPH for fluid flows

What can SPH offer?

What can SPH do that other models
cannot?
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What can SPH offer the simulation of
nonlinear flows?

SPH is a Lagrangian method

(a) Our computation point are the particles so
we can track what happens to the particles which

represent the water, the sediment, etc.
Particle | of mass m,
moving at velocity v,

(b) This means we avoid the computation of the nonlinear advection
terms within SPH
Only the RHS of our

. . D equations need SPH
E"‘UH'|'VH+W£: E"‘UGD Y Bt treatment

uoopx gy gz M

This makes nonlinear phenomena very easy to examine, in particular
FORMATION mechanisms, eg. mixing é



ICCE 2004: Captured downbursting-
like phenomenon in 2-D

Vertical-Split Colored Particle Plot
0.1

frame= 52

t= 1.7524s

y (m)

y (m)

-0.1F

Kubo & Sunamura
(2001) hypothesis
ARogers & Dalrymple (2004)




DualSPHysics - what Is it?

Where did DualSPHysics come from?

What can DualSPHysics offer?
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DualSPHysics History - SPHysics

FORTRAN CUDA/C++

e . -
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SDHyslcs DualSPHysics
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SPHysics T 1St open-source code

for free-surface flow (FORTRAN)
SPHysIcS

SPHysics s

Multiple Formulations dv,

a7 = —Z m{% + i]vaﬂaa
& Choices d b Pa  Ps

dr

SPHYSICS Home Page

Redirected

from Main Page)

SPHysics - SPH Free-surface Flow Solver

Open-Source Smoothed Particle Hydrodynamics code
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Welcome to SPHysics

Developers (photos) and Contributors

Code Features

Downloads (serial, parallel, GPU, shallow water)
Documentation

SPHysics FAQ

SPHysics Forum

. Visualization: Images & Videos

Code History & Fixed Bugs (UPDATES)
Future D | ts & Rel

Publications using the SPHysics code

. Training Courses and Workshops
13.
14.

How to reference SPHysics
Help and Info about SPHysics website

The SPHysics Code
SPHysics is a platform of Smoothed Particle Hydrodynamics (SPH) codes inspired by the formulation of Monaghan (1992) dewveloped jointly by researchers at the
Johns Hopkins University (U.S.A.), the University of Vigo (Spain), the University of Manchester (U.K.) and the University of Rome La Sapienza (Italy). Developed
over a number of years primarily to study free-surface flow phenomena where Eulerian methods can be difficult to apply, such as waves, impact of dam-breaks on
off-shore structures. We are excited to announce that there are 3 codes available: Code Features, while future versions can be found under (Future

Develop

= & Rel 3.

Downloads =

Visualization »
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v2.2.1 Serial Code UPDATE RELEASED: January 2011

v2.0 Parallel Code RELEASED: January 2011

Log in / create account

I Y T

i v’ (xy;r))] VIV, =as,

Result of 8 years of

work

Released in 2007

Collaboration
between 4 institutions

A University of
Manchester

Universidade de
Vigo

Johns Hopkins
University

University of
Rome La
Sapienze

SIS S



SPHysics T 1St open-source code
for free-surface flow (FORTRAN)

A Code had 5 test cases
A 2-D &3-D

A Choice of options beyond anything else available: kernels,
timestepping, formulations & completely open source (mistakes,
coding tricks, ¢€)

A Importantly it was VALIDATED against simple cases

BUT

A It was very slow

A Restricted to 100,000 particles (simulations took 2-3 weeks)
A Had primitive pre- and post-processing



