
Topological	proper,es	of	iner,al	
par,cles	in	2d	turbulence	

	Prasad	Perlekar,	TCIS,	TIFR	Hyderabad	
Dhrubaditya	Mitra,	NORDITA,	Stockholm	

	

	



Iner,al	par,cles		
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Today’s	talk:	Heavy	par,cles	

⇢p >> ⇢f
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Use		
Maxey-Riley	

St =
⌧

⌧f
⌧f : Flow timescale

Stokes number :

Turbulent	flows:		

Rep ⌧ 1, Ref >> 1

U:	Fluid	velocity	at	the	par,cle	posi,on	



  Solve NS equation: 

	

					

Iner,al	par,cles	in	turbulence	

Dtu = ⌫r2u�rp+ f

f : Large scale forcing
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Perlekar	et	al.,	PRL,	106,	054501	(2011).	



Preferen,al	sampling	

dx

dt

= V

dV

dt

= � (V � U)

⌧

Iner,al	Par,cles	are	thrown	out	of	vor,ces	

r · V = r ·

�dV

dt

�

r · V > 0



  

	

					

Lagrangian	vs	Eulerian	

⇢(x, t) =
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Euler	

Lagrange	
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@t
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+ v(x, t) ·rv(x, t) = �v(x, t)� U(x, t)
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Comparison:	Lagrangian	vs	Eulerian	
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Dots	 Density	field	

St = 1.7 · 10�2 St = 8.6 · 10�2

(St < 1)
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Topological	proper,es	of	the	flow	
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A =

det(A) =
1

4
(!2 � �2)

Tr(A) = r · u
PP	and	RP,	NJP,	11,	073003	(2011).	

2D	fluid	turbulence	
Tr(A)=0		



Fluid	Det(A)	along	iner,al	par,cle	tracks	



Dust/Par,cle	Det(A)	

•  P[Det(A)]	does	not	depend	on	St.	
•  P[Det(A)]	is	approximately	equal	to	P[Det(A)]	

Det(A) ⇡ Det(A)

v = u� ⌧
dv

dt
⌧!0���! v = u� ⌧

Du

Dt
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@t

+ v(x, t) ·rv(x, t) = �v(x, t)� U(x, t)
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Dust/Par,cle	Tr(A)	

•  Regions	with	non-zero	Tr(A)	increase	with	St	
•  Small	St	approxima,on	correctly	rescales	the	pdf.	

v = u� ⌧
dv

dt
⌧!0���! v = u� ⌧

Du

Dt
Tr(A) = 2⌧Det(A)



Joint	PDF	[Tr(A),	Det(A)]	

•  Dust	flow	consists	of	vor,ces	spiralling	
outwards	and	extensional	(saddle)	flow	
with	nega,ve	divergence.	

St=0.017	 St=0.17	



Density	weighted	Dust/Par,cle	Det(A),	Tr(A)	

Iner,al	par,cle	preferen,ally	sample:	
•  Regions	of	large	strain.	
•  Regions	with	nega,ve	divergence.	

v = u� ⌧
dv

dt
⌧!0���! v = u� ⌧

Du

Dt
Tr(A) = 2⌧Det(A)



Joint	density	weighted	PDF	[Tr(A),	Det(A)]	

•  Par,cles	sample	extensional	(saddle)	flow	
regions	with	nega,ve	divergence.	

St=0.017	 St=0.17	



Conclusions	

•  Density	weighted	Eulerian	and	Lagrangian	
pictures	iden,cal	

•  Iner,al	par,cles	sample	regions	of	large	strain	
and	nega,ve	divergence.	


