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Overview
]
e Failures and fixes of SPH

 FInite volume methods
e Meshless finite volume
* GIZMO implementation in SWIFT
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Faillures of SPH
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Faillures of SPH

Agertz et al., 2007
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Faillures of SPH
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Faillures of SPH

Price, 2008
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Faillures of SPH

Continuity equation:

[ %W,(pv):o W(7F=7',h)dV

Surface terms neglected: invalid assumption at discontinuities
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Improved SPH

Correction terms:
Artificial viscosity

_Z ij((Vi—\:j).rl-ijij

corr Pjj r ij|

dv,
dt

Artificial conductivity

= 7o) +Blu; u)—v

_J
dt )corr ; p

Problem: need a switch to find out when correction

terms need to be added
Monaghan, 1997, Price, 2008



9 of 29

Kernels

» All quantities are
smoothed out

» Particles tend to
cluster together for
some kernels (pair-
Instability)
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Valcke et al., 2010



10 of 29

Finite volume methods
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Finite volume methods
S

-

Fp — phalf ( Whalf R vinterface)

!

w, — Phait Wk, haif (Whalf — vinterface) + Py
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Riemann problem
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Right state



Riemann problem
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Riemann problem
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Left state
Pr
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Shock wave W,
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Riemann problem
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Left state
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Riemann problem
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Second order: gradients
——

Gradient reconstruction and interpolation  Slope limiting: cell wide  Slope limiting: per face
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Second order: prediction
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Finite volume methods
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Volume partitioning

——
SPH: each particle gets part of volume, symmetric around its position

Some parts of the volume are over-sampled, others are under-sampled
Sum of partial volumes not necessarily equal to total volume
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Better volume partitioning

S
GIZMO: volume is distributed over the particles using the kernel

Sum of partial volumes guaranteed to be equal to total volume
Whole volume sampled homogeneously



GIZMO geometry O




GIZMO geometry O
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SWIFT GIZMO

p,w,P
Vo,Vw,VP, min,max
Vrp,VvW,VrP

A, Am,Ap,AE
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SWIFT GIZMO

Spherical overdensity Sod shock

SWIFT: co-moving particles
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SWIFT GIZMO
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Hands on problems
I

SedovBlast SodShock
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Hands on problems

KelvinHelmholtz
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