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The	Kelvin-Helmholtz	Instability	in	SPH

Agertz et al (2007)
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• Discontinuities	require	
numerical	treatment	(e.g.,	
Riemann	solver)

• In	SPH,	include	an	artificial	
conductivity

The	Kelvin-Helmholtz	Instability	in	SPH

Price (2008)
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The	Kelvin-Helmholtz	Instability	in	SPH

Price (2008)

Hopkins (2015)

• Discontinuities	require	
numerical	treatment	(e.g.,	
Riemann	solver)

• In	SPH,	include	an	artificial	
conductivity

Hayward et al (2014)
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Voronoi Moving	Mesh	/	Meshless	Finite	Volume

Hopkins (2015)Springel (2010)
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Mo’	Mixing,	Mo’	Problems

Lecoanet et al (2016)

• Robertson	et	al	(2010),	McNally	et	al	(2012),	Lecoanet et	al	
(2016)	introduce	KH	tests	with	well-posed	initial	conditions,	
demonstrating	convergence
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• Robertson	et	al	(2010),	McNally	et	al	(2012),	Lecoanet et	al	
(2016)	introduce	KH	tests	with	well-posed	initial	conditions,	
demonstrating	convergence

Mo’	Mixing,	Mo’	Problems

McNally et al (2012)
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• 2D tests	with	smooth	initial	conditions
• 1:2	aspect	ratio	with	periodic	boundaries
• Introduce	a	passive	scalar	colour field	to	
quantify	and	measure	degree	of	mixing

• Include	Navier-Stokes	viscosity,
physical	thermal	conductivity,
(also	colour diffusion)

• dissipation	is	resolution	independent!
• Lecoanet et	al	(2016)	show	convergence	in	
the	non-linear	regime between	Athena	
(finite	volume)	and	Dedalus (spectral)

The	KH	Tests	of	Lecoanet et	al	(2016)
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• I	am	using	the	Reynolds	Number	=	105,	unstratified (uniform	density)	Kelvin-
Helmholtz	test	of	Lecoanet et	al	(2016)

• Goal:	Obtain	convergence	of	SPH	results	towards	reference	nx =	2048	Dedalus
calculation	(spectral	code)

• Resolution:	nx =	256,	512,	1024,	2048	particles	(~10	million;	70k	cpu-hours)
• SPH	Implementation:	Standard,	out	of	the	box	
• Dissipation	Implementation:	

• Two	first	derivatives	for	Navier-Stokes	viscosity
• Direct	second	derivative	for	thermal	conduction	and	colour diffusion

SPH	Simulations
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Results	of	Lecoanet et	al	(2016)

t = 0 t = 6t = 4t = 2 t = 8
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SPH	Results

t = 0 t = 6t = 4t = 2 t = 8
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Qualitative	Comparison

t = 2 t = 4

t = 6 t = 8

SPH Dedalus
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Linear	Mode	Amplitude

0.001

0.01

0.1

1

0 0.5 1 1.5 2 2.5 3 3.5 4

Li
ne
ar
m
od
e
am

pl
itu
de

t

256
512
1024
2048

• Growth	rate	of	the	
dominant	seeded	mode	in	
the	linear	regime

• Converges	to	analytic	
expectation	even	at	modest	
resolution	of	nx=256
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• Define	entropy	for	colour

• and	total	colour entropy

Colour Entropy
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• Interpolate	particles	to	grid
• Difference	taken	wrt Dedalus
2048	calculation

• By	comparison,	Athena	has	
max	error	of	10-3 to	10-2 for	
Athena	1024	and	2048	

L2	Error
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• Required	to	resolve	the	initial	small	velocity	perturbation	(Mach	~	0.0025)

Quality	of	Smoothing	Kernel	Matters

Cubic Spline Quartic Quintic Sextic Septic

t = 4nx = 512
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• Rumours of	the	“fundamental	flaws”	of	SPH	
have	been	greatly	exaggerated

• SPH	exhibits	quantitative,	numerical	
convergence	of	the	Kelvin-Helmholtz	instability

• Requires	no	alternative	SPH	formulations,	
modifications	or	hacks;	only	a	high	order	kernel	
to	resolve	the	amplitude	of	the	initial	velocity	
perturbation

Summary


