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SPH Method (1968)

e Astrophysica Simulations
e Lucy (1977,1982)
« Gingold, Monaghan (1977,1982,1985)

« Some present astrophysical problems:
 Modelling of universe (1990)
o Collapse/formation of galaxies (1991-2000)

o Collapse of black holes with neuron stars (1998-
2000)

o Simulations of supernovas (1999)

o Single/multiple detonations in white dwarfs (1999)



SPH Method

e Astrophysical Simulations

e |nastrophysical applications, the real physical system
Isdiscrete, and in order to avoid singularity, alocal
continuous field is generated by introducing a
localized kernel function.

 Thekernel function can be interpreted as:
e A smoothing interpolation field
« The probability of aparticle’s position



SPH Method

e Mechanica Simulations

* |Inmechanics, a continuum system is discretized into
a discrete algebraic system.

 Hydrodynamicsisinterpreted as Mechanics

e Themethod isaso caled “ Smoothed Particle
Applied Mechanics’



|nterpolation by Kernel Estimates:

f(x)a

Uy () = | W(x=y, hu(y)dy

W(x—y, h) =W, (x—y) = kernel/smoothing/weight function

/1= the smoothing length, controlling the size of the compact

support domain (smoothing or influence domain)



Smoothed Particle Hydrodynamics (FSPH):

local support
domain of x;




Smoothed Particle Hydrodynamics (SPH)

* Inthe SPH method , the kernel approximation

u" (X) = | W, (x= y)u(y)dy
IS approximated by imagining that the matter mis
divided into AVsmall volume elements with masses
m,m,,...,m,(nodal quadrature/particle
approximation).
ur(x) = > W, (x—x)u(x)AV,

1€Q(x)

ur(x)= )¢ (xu(x)

1€Q(x)

@, (X) =W, (X=X, )AV, (SPH shape function)



Smoothed Particle Hydrodynamics (SPH)
The SPH approximation

u"(x) :ZujWh(Xi _Xj)AVj
=1

u"(x) = ZU WAV,

=1

and its derivative '

n

J j
= ax
« whichis proved to be equivalent to:




Smoothed Particle Hydrodynamics (SPH)
« CSPM approximations:

> UW.AV,

J
u"(%)=-"=
ZVVUAVJ'

Y JZ:,(UJ' — WJAVJ'
(%jl \ Zn:(x AV,




Smoothed Particle Hydrodynamics (SPH)

All spatial derivatives can be transformed into algebraic
terms using the SPH approximation. As aresult, the PDE is
transformed into a set of nonlinear algebraic simultaneous
equations.

Relaxation methods are usually preferred in solving the set
of nonlinear simultaneous equations.

Only the original SPH and sometimes CSPM may easily
transform the PDE to algebraic equations. Other
sophisticated though complicated corrected SPH methods
lack such a major advantage.

Corrected SPH methods are usually adopted within a weak
form formulation.



1D Elastic Wave (SPH)

 Thegoverning equations for a 1D elastic bar subjected to
elastic waves:

.1
V=—0,

e,
o=Ev,

o SPH approximation:

1 n o JW,
/ =—(—1 . AX.
VI IO ( )JZ:]:- O-J ax XJ
| W,
O, = E(—l)JZ:;Vj aXJ AXJ-



1D Elastic Wave (SPH)

Modified SPH approximation:

0 =13 (-0, T

1% j=1 X
W

g, = EZ(V v) '

CSPM approximation

1 (0' a)NAx (v VWAX

N
=

V= 6, =E-

I pZ(X - X W AX, > (%, =% M Ax

-]



1D Elastic Wave (SPH)
o Stabilized SPH approximation:

o=Ev,
\7=1(0—H)X I1=-0.2pchv, +40h*(v, )%, v, <0
P | , x) oV

then the SPH approximation should also include the v,
within the stabilized term.

* The solution proceeds according to the time integration
scheme:

n+1
V. —

V' + VAt

o' =0"+6"At



2D Solid Mechanics (SPH)

2D governing equations for solid mechanics problems are:

e Equilibrium equations (momentum)
Opx T Oryy = OV,
Opix T Oy = Ny
e Compatibility equations:
éXX o l']X,X — VX,X
Ey =Uyy =Vyy

. 1. . 1
Exy = E(ux,y T uy,x): E(VX’Y +VV'X)

e Material moddl:
o =D¢



2D Solid Mechanics (SPH)

The first two sets can be approximated by SH:

Equilibrium equations

.n _ aVV| F] | _
Ny :Z(O-Iyx_axij) BXJ AV, +Z(0yy_asj/y
Compati I:DLI lity equations: =
, L BW
g, —JZ:;(V ~v}) =AY,
€y :Z(Vly_vi)awu AV,

10 ayaw oW,
. Loy i
5Xy—2_;(vx X) ayJA +Z(v v’) -




2D Solid Mechanics (SPH)

The solution procedureis:.

Determine the acceleration from equilibrium eguations.
Compute the velocity by integrating acceleration.

v =V VAL
Determine strain rates from the compatibility equations.
Compute the strain components

g™ ="+ &"At
Compute the stress from material model

Go to the next time step with updated val ues.
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2D Solid Mechanics (SPH)
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2D Solid Mechanics (SPH)
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2D Solid Mechanics (SPH)

Y Displasement {(m})
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2D Solid M echanics (SPH)
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Partecle Wibraton In s Oreclon

o o g
Tlemprdr
L e
Py b by

TP Eh
.
& B

e,
P

L 1N T

LI 2N
+.|.l+"

LI ET AT RSN R

fredmmrigptyrfaany

ool Y wmm

e L LR R RS R LR

L udhuvly g perrherkh P F
i

+

u
]
FrL Ll

AL IR RETEER T
Pk d b DR R

FFE R EEIN RN R R EERELY A

"+r e
madn

AR E T TTF RN LR TP AL i
LI K XY

imi

immpukarkEEn r++++l--....++
. .

" m
et
Bry -
ILEE

L}

mrt L=

Gradually Sear Loadng

PR EREREL R LN
RS RRELES ELE L L Fu
AR ENERNRTRE YR LA

itanennnmepnat
SIrERALR Lt

+

3
[l

L]
L]
o
* o

+
" ar rd +u ",
LEE TR I
Pk + -ty
PRk R BN
n "t tam gty
wtmta mak o,
TR FICE I g
+ #- nm mmrr

s ram m

& Fm o1 -

v *n ¥n st ol o o

mJE EE HI +++-+.—.." +

I —— npudstnd
=m

r oW +.-.-l.-.+.-.+

F #m 1

P n g+t
H-+++++-
sputunputF
saat+ttunt
T L
ab+pulumtn
at+++Fu kit
e L k]
+4nnntuamtn
YR EELILE R
IREXRETLL]
++++++++
-
-

+EEgum

[
+
=
[ +untnn

++++

Xm 300 4100 500

2.00

100

[ I AR PR E L
r+fsssr+emnrens
H+rar"ssnannns
Ly EEELEE gy
ELEEELEEEESR

4
+
+n
(]
(]
L
LY

H+1-++ -+ +uns
b+ v arLLrn

nf=n]
os0
05,40 4

030
020
.10
000
01Em
1.40
1.20
1.00 A
0.50

== 060 -
0.40 A
0.20 1
0.00

E
i
=
—

2D Solid M echanics (SPH)
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2D Solid Mechanics (SPH)
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Simulation of Explosion (SPH)

Conservation of mass

Do
——=—pV -V
Dt P
Conservgt\i/on of inomeﬂtum  y=internal energy
e V/
Dt P * D= pressure
Conservation of energy e v=velocity
Du P
—=———V-Vv
- Dt Ve,
Equation of state
p=p(o,u)

=K -
D= A(1—%6’)e 7+ B(l—%e)e ? +wbp,E

2

p=(r-DpE



Simulation of Explosion (SPH)

e Consarvation of mass

%:Zn;,mj (Vi —V )-ViV\/”- or %:Zn:miw'
=

Dt

e Consarvation of momentum

Ly ol _n | +1I. V.W.
JZ; [ 0 ,OJ ”]VI ij

e Conservation of energy
— —Z [ +11; )(Vl —vj)-ViV\/”-
J =1 'Oi

e Deivativeof x
Dx _.

Dt




Simulation of Explosion (SPH)
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Simulation of Explosion (SPH)
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Simulation of Explosion (SPH)

Reflection of Shock from the end of tube

* Preszsure
= Density [
L
""-d‘:: it
M} B
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IMPACT 6.18 KM/S ALU/ALU IMPACT 6.18 KM/8 ALU/ALU
1}

A Time = 2.9897
Time =

PACT 6.18 KM/3 ALU/ALU










