
Dynamics	of	the	Density	of	quan1zed	vortex	lines	
in	superfluid	turbulence	

In	collabora1on	with	:			
L.	Kondaurova,	V.S.	L’vov,	P.	Mishra,	A.	Pomyalov,	I.	Procaccia	

	Interpreta?on	of	measurements	in	4He	superfluid	turbulence	
Saclay,	France	,	Sep.	2015	

Dmytro		Khomenko	
Weizmann	Ins?tute	of	Science,	Rehovot,	Israel	



Outline	

•  Vinen	Equa?on	
•  Equa?on	of	mo?on	for	VLD	in	inhomogeneous	flow	
•  Numerical	setup	
•  Results	
•  Summary	

2	



Vinen	Equa?on	
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Vinen	equa?on	
Hall	and	Vinen	works	(1956-1958)	
	
Vinen:	Proc.	R.	Soc.	A	238,	204	(1956)	
													Proc.	R.	Soc.	A	242,	493	(1957)	
													Proc.	R.	Soc.	A	243,	400	(1958)	
Hall	:			Phil.	Trans.				A	250,	359	(1957)	



Dimensional	analysis	
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Solu?on	of	Vinen	equa?on	with	P-1	(solid	line)		
and	P-2		(dashed	line)	produc?on	terms	

S.K.	Nemirovskii	et.	al	PRB	48,	1993	



Generaliza?on	of	Vinen’s	equa?on	for	
nonhomogeneous	case	
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Two	dimensional	channel	counterflow	



Equa?on	of	mo?on	for	single	vortex	line	
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local	 nonlocal	

-counterflow	velocity	without	
	local	component	
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Equa?on	of	mo?on	for	vortex	line	segment	length	

A`er	integra?on	



Analysis	of	the	decay	term	
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-mean	square	curvature	 -	intervortex	distance	



Analysis	of	the	produc?on	term	
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Analysis	of	the	flux	term	
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Numerical	simula?on	
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§  Vortex	filament	model	using	full	Biot-Savart	calcula?ons		

§  Computa?onal	domain		0.2x0.1x0.1	cm		

§  	Periodic	boundary	condi?ons	in	𝑥,𝑧	direc?ons	
								Solid	walls	with	slip	boundary	condi?ons	
			
§  Line	resolu?on	Δ𝜉=1.6×10↑−3 	cm	

§  	Dissipa?ve	reconnec?on		criterion	

§  T=1.6	K,	𝛼=0.098, 𝛼↑′ =0.016.	
	
§  𝑉↓0↑𝑠 	calculated		dynamically	from	the		zero	net	mass	flux	

condi?on	
𝜌↓𝑛  ⟨𝑽↓𝑛 ⟩= 𝜌↓𝑠 ⟨𝑉↓0↑𝑠 + 𝑽↓𝐵𝑆↑ ⟩	

			Two	normal	velocity		profile	types	–	parabolic	and	non-parabolic	
	

We	consider		counterflow	in	a	planar	channel	



Numerical	results:	profile	of	vortex	line	density	

Parabolic	profile	 Non	parabolic	profile	
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Normalized	variables:		



Numerical	results:	Decay	

Parabolic	profile	 Non	Parabolic	profile	
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Normalized	variables:		



Numerical	results:	Produc?on	
Parabolic	profile	 Non	parabolic	profile	
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Normalized	variables:		



Numerical	results:	Flux	of	the	vortex	line	density	

Parabolic	profile	 Non	parabolic	profile	
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Normalized	variables:		



Conclusion	about	equa?on	for	VLD	

16	



Summary	

•  We	have	suggested	the	equa?on	of	mo?on	for	
vortex	line	density	in	inhomogeneous	channel	
counterflow	

•  We	proposed	closure	rela?ons	for	produc?on,	decay	
and	VLD	flux	terms	and	verify	them	by	direct	
numerical	simula?ons	using	VFM	in	a	plane	channel	

•  We	found	quan?ta?ve	agreement	between	the	
closure	and	the	numerical	results	for		parabolic	and	
non-parabolic	normal	velocity	profiles	
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