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Introduction

NUMERICAL SIMULATIONS: STATE OF THE ART

@ mesoscopic lengthscales A < ¢

KINEMATIC SIMULATIONS

@ prescribed vy;: A
. umform' @ vortex filament method
@ parabolic
o vortex tubes / ABC flows o Schwarz
@ frozen classical turbulent ° Tsubota.
channel flow ¢ Barenghi
@ unsteady classical homog. @ Ba.l.gga.ley
and isotropic turbulence : Ej:‘?men




Introduction

NUMERICAL SIMULATIONS: STATE OF THE ART

@ mesoscopic lengthscales A < ¢

KINEMATIC SIMULATIONS

@ prescribed v;:

]

o
o
o

uniform

parabolic

vortex tubes / ABC flows
frozen classical turbulent
channel flow

unsteady classical homog.
and isotropic turbulence

@ vortex filament method

o Schwarz
Tsubota
Barenghi
Baggaley
Héanninen
Lvov
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COUPLED (SELF-CONSISTENT) SIMULATIONS

@ simple vortex topology

@ decaying tangles

(single vortex lines / rings)

(Kivotides)
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NUMERICAL SIMULATIONS: BOUNDARIES

@ boundaries fundamental role
onset classical turbulence
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Introduction

NUMERICAL SIMULATIONS: BOUNDARIES

@ boundaries fundamental role
onset classical turbulence

@ Plane channel counterflow :
Baggaley & Laizet (PoF, 2013) ’Q Py
Baggaley & Laurie (JLTP, 2015) rie
Khomenko et al. (PRB,2015) ;
v, imposed:

Poiseuille :
laminar non-Poiseuille ssR2 il
frozen turbulent DNS
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channel counterflow ng& ¥ C
o Yui & Tsubota (PRB, 2015) 3 S
e v, imposed:
Hagen-Poiseuille
tail-flattened
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Model

2D PLANE COUNTERFLOW CHANNEL

@ 2D channel
o N vortex-points
o rj(n) = (x(0,y(n) j=1,---N

o eriK




2D PLANE COUNTERFLOW CHANNEL

@ 2D channel

©

N vortex-points
rj(0) = (x(0,y;(0) j=1,---N
o I'j=+x

CONNECTION WITH EXPERIMENTS

@ ni:=N/A— L

©

o 112D =1.03y 2 (upyhp—1.48p8
Ps

o (up) =ql(TpS)
@ channel width D=9.1 x 10 3cm
Ladner & Tough (PRB, 1979)

o T-Iregime: Re=206 < Re, = 5772

® 0,ppn,ps =CONst



Model

SUPERFLUID VORTICES

dl‘j ,
° — = vs(r), 1) + as; x (Va(r)j, ) — vs(rj, 1)

+a (Va(x), 1) = vs(x}, )
0 Vi(rj, 1) = v (1) +vgi(r), 1)

o V()= Y V()0
k=L.N
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SUPERFLUID VORTICES

dl‘j P
o — = = Vsl B+ asyx (Va(r), ) = vs(r), 0)

+a (Va(x), 1) = vs(x}, )
0 Vi(rj, 1) = v (1) +vgi(r), 1)

o V()= Y V()0
k=1..N

COMPLEX—POTENTIAL FORMULATION

. dFi(2)
° USi,k(Z; t) = lfSCl,k_ lvlli,k = de
h sinh | 75 (z— z(1))
@ Fi(z, 1) =Fi log — [2D _k ] { f:o.nfoirm'a I map
2Tm sinh [%(z— Zic( t))] inifinite images




SUPERFLUID VORTICES- RECONNECTIONS

o steady state => N constant
@ w, production/destruction 3D

e reconnections
o mutual friction vortex stretching




SUPERFLUID VORTICES- RECONNECTIONS

o steady state => N constant
@ w, production/destruction 3D

e reconnections
o mutual friction vortex stretching

NUMERICAL RECONNECTION

@ d(e,9) <e.

o d@[el,y=+1)<e./2
U

remove vortex—points

NUMERICAL RENUCLEATION

o (a): RANDOM

o (b): same y
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NORMAL FLUID

9 p,0n Ps,S= const
@ 7, A = const

@ incompressible , isoentropic




Model

NORMAL FLUID

9 p,0n Ps,S= const
@ 7, A = const

@ incompressible , isoentropic

0 1
o 2wy Vv = ——Vp- v T v, VPV,
ot p Pn
1~
—&V (Va _Vs)2 +—Fps
2p Pn
o V.v,=0
°o v, =V, +V,
o vh=(uf,vh)  Poiseuille
e v,,=(u,v,) back-reaction




Model

NORMAL FLUID

¥ — w FORMULATION

A o) dgy) 4
oVﬂ_(ﬁy’ 6x)

° a);1=(V><V’n)-i
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NORMAL FLUID

¥ — w FORMULATION

o w,=(VxV)) 2

n

o VW' =0,
. a“’;u( ,,+a\y')aw'n 0\1”(6a)’n dzuﬁ)_
ot "oy ) ox ox\ay dp )
1 (0FY OFF
v V2o + — ———)
pn\0x Oy

BOUNDARY CONDITIONS

o (U)=0=>V'(+D/2)=0 m
(Un) ( ) Ax,Ay</
@ no-slip forv, = w
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F,;s COARSE—GRAINING

HALL-VINEN FORMULATION

o AX,AY>/¢

0 Fus=apsw;x [ x (V, = V)] + Cr/ps&()s x (Vi —Vy)
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F,;s COARSE—GRAINING

HALL-VINEN FORMULATION
o AX,AY>/¢

0 Fus=apsw;x [ x (V, = V)] + Cr/ps&()s x (Vi —Vy)

2
_r—xjl

CICHIIES %e 202 Gaussian kernel
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F,;s COARSE—GRAINING

HALL-VINEN FORMULATION
o AX,AY>/¢

0 Fus=apsw;x [ x (V, = V)] + Cr/ps&()s x (Vi —Vy)

2
_r—xjl

CICHIIES %e 202 Gaussian kernel

i ﬁns = _apsKI(‘;n_vs) + alpsﬁi x (V= Vs)

- 1
L= ®i(r)dr
j:;" v AXAY f i)
(62%7)}
O — rj _ ext
Q=) AXAT ©)(r)dr Tps = AX/ V8

Jj=1L..N Y
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Results

NUMERICAL SIMULATIONS

o T=17"K

e I'Y?2D=25

O WS EN @ steady-state
0 nx=192, ny=64

@ 5.=D/2=455x10"3cm Ty=D1vn
° u.=x/2nd.) =3.49x10"%cm/s

@ t.=0./u,=0.13s

o At* ~107°




Results

VORTEX DISTRIBUTION

FIGURE : Initial (left) and steady-state (right) vortex configuration

dl‘]‘ — , / . . ! ) — f
= Vs O asx (Va(rj, 1) =vg(r), 0) + & (va(x), ©) = Vs(xj, 1))



Results

VORTEX DENSITY PROFILES I_’L(y)
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FIGURE : vortex—density profiles 72(y) and vortex polarization p(y) at t =0
(Ieft) and ¢ > Tf (center). On the right normalized vortex-line density L
from Baggaley & Laurie (JLTB2015)
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VELOCITY PROFILES uUs(y) AND U, ()
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FIGURE : Superfluid and normal fluid velocity profiles us(y) and u,(y) at
t=0 (left) and ¢ > T (center). On the right the experimentally measured
normal fluid velocity profile by Marakov et al. (PRB,2015)




3D ANALOGUE

Results

o streamwise flow of expanding
vortex rings

o rings lie on planes L to v,
@ drift in opposite direction of v,

@ circulation of rings || to vy,

o x=zup=>01-a)us+a'u,

® y=R=+a(u,—u)
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3D ANALOGUE

Results

o streamwise flow of expanding

vortex rings
o rings lie on planes L to v,
@ drift in opposite direction of v,

@ circulation of rings || to vy,

o x=zup=>01-a)us+a'u,

® y=R=+a(u,—u)
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3D ANALOGUE: IS IT REALISTIC

@ vortex-tangle anisotropic

@ vortex—lines move
towards the walls

@ vortex lines move faster
as they approach the walls

o superflow reduced in central region

Results
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Conclusions

SUMMARY

@ self-consistent calculation of v, and v,
o steady-state with L ~ experiment

@ recover the tail-flattened v, profile
meaured by Guo (PRB, 2015)

@ recover 3D numerical vortex—density profiles
Baggaley & Laurie (JLTPB, 2015)

o predict a v, parabolic profile
cfr. Yui & Tsubota (PRB, 2015)

ONGOING AND FUTURE STUDIES

@ Pure Superflow

@ Particle tracers
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