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NUMERICAL SIMULATIONS: STATE OF THE ART

mesoscopic lengthscales ∆< ℓ

KINEMATIC SIMULATIONS vn ⇒ vs
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COUPLED (SELF-CONSISTENT) SIMULATIONS vn ⇔ vs

simple vortex topology (single vortex lines / rings)

decaying tangles (Kivotides)
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NUMERICAL SIMULATIONS: BOUNDARIES

boundaries fundamental role

onset classical turbulence

Plane channel counterflow

Baggaley & Laizet (PoF, 2013)

Baggaley & Laurie (JLTP, 2015)

Khomenko et al. (PRB,2015)

vn imposed:

Poiseuille

laminar non–Poiseuille

frozen turbulent DNS

Square cross-section
channel counterflow

Yui & Tsubota (PRB, 2015)

vn imposed:

Hagen-Poiseuille

tail-flattened
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2D PLANE COUNTERFLOW CHANNEL

2D channel

N vortex-points

rj(t) =
(
xj(t),yj(t)

)
j = 1, · · ·N

Γj =±κ

CONNECTION WITH EXPERIMENTS

n := N/A ←→ L

L1/2D = 1.03γ0
ρ

ρs
〈un〉hD −1.48β

〈un〉 = q/(TρS)

channel width D = 9.1×10−3cm

Ladner & Tough (PRB,1979)

T-I regime: Re = 206 ≪ Rec ≈ 5772
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SUPERFLUID VORTICES

drj

dt
= vs(rj, t)+αs

′
j ×

(
vn(rj, t)−vs(rj, t)

)

+α′
(
vn(rj, t)−vs(rj, t)

)

vs(rj, t) = v
ext
s (t)+vsi(rj, t)

vsi(rj, t) =
∑

k=1...N

vsi,k(rj, t)

COMPLEX–POTENTIAL FORMULATION

vsi,k(z, t) = vx
si,k − iv

y

si,k
=

dFk(z)

dz

Fk(z, t) =∓i
h

2πm
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sinh
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SUPERFLUID VORTICES- RECONNECTIONS

steady state ⇒ N constant

ωs production/destruction 3D

reconnections

mutual friction vortex stretching

NUMERICAL RECONNECTION

d(⊕,⊖) < ǫc

d(⊕[⊖],y =±1) < ǫc/2

⇓

remove vortex–points

NUMERICAL RENUCLEATION

(a): RANDOM

(b): same y
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NORMAL FLUID

HYPOTHESES

ρ,ρn,ρs,S = const

ηn,λ= const

incompressible , isoentropic

∂vn

∂t
+(vn ·∇) vn =−

1

ρ
∇p−

ρs

ρn
S∇T+νn∇

2
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−
ρs

2ρ
∇ (vn −vs)2 +

1

ρn
F̃ns
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p
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′
n
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p
n =
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)
Poiseuille
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′
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)
back–reaction
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NORMAL FLUID

Ψ−ω FORMULATION

v
′
n =
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BOUNDARY CONDITIONS
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n〉 = 0 ⇒Ψ

′(±D/2) = 0

no–slip for vn ⇒ ω

FINE GRID

∆x,∆y < ℓ
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Fns COARSE–GRAINING

HALL–VINEN FORMULATION

∆X ,∆Y > ℓ

F̃ns =αρs
̂̃ωs × [ω̃s × (ṽn − ṽs)]+α′ρsω̃s × (ṽn − ṽs)

Θj(r) = 1
Vj

e
−
|r−rj|

2

2ℓ2 Gaussian kernel

F̃ns =−αρsκL̃ (ṽn − ṽs)+α′ρs Ω̃ ẑ× (ṽn − ṽs)

L̃ =
∑

j=1...N

1

∆X∆Y

Ï

(p,q)

Θj(r)dr

Ω̃=
∑
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Ï
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Θj(r) = 1
Vj

e
−
|r−rj|

2

2ℓ2 Gaussian kernel
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NUMERICAL SIMULATIONS

PARAMETERS

T = 1.7−◦K

L1/2D = 25

N ≃ 2000

nx = 192, ny = 64

δc = D/2 = 4.55×10−3cm

uc = κ/(2πδc) = 3.49×10−2cm/s

tc = δc/uc = 0.13s

∆t∗ ∼ 10−6

steady–state

Tf = D2/νn
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VORTEX DISTRIBUTION
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FIGURE : Initial (left) and steady–state (right) vortex configuration
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VORTEX DENSITY PROFILES n(y)
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FIGURE : vortex–density profiles n(y) and vortex polarization p(y) at t = 0

(left) and t > Tf (center). On the right normalized vortex–line density L

from Baggaley & Laurie (JLTP,2015)
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VELOCITY PROFILES us(y) AND un(y)
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ūs

ūn
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FIGURE : Superfluid and normal fluid velocity profiles us(y) and un(y) at

t = 0 (left) and t > Tf (center). On the right the experimentally measured

normal fluid velocity profile by Marakov et al. (PRB,2015)
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3D ANALOGUE

streamwise flow of expanding

vortex rings

rings lie on planes ⊥ to vn

drift in opposite direction of vn

circulation of rings ∥ to vn

ẋ = uR = (1−α′)us +α′un

ẏ = Ṙ =±α(un −us)
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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

superflow reduced in central region
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SUMMARY

self–consistent calculation of vn and vs

steady–state with L ∼ experiment

recover the tail–flattened vn profile

meaured by Guo (PRB, 2015)

recover 3D numerical vortex–density profiles

Baggaley & Laurie (JLTP, 2015)

predict a vs parabolic profile

cfr. Yui & Tsubota (PRB, 2015)

ONGOING AND FUTURE STUDIES

Pure Superflow

Particle tracers
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