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OVERVIEW

1. Experiment: injection of vortex lines into vortex-

free flow and NMR study of their evolution.

2. Transition in vortex dynamics from regular at higher

temperatures to turbulent at lower temperatures.

3. Expansion of vorticity in rotating column as a prop-

agating front: Experimental results, numerical sim-

ulations and analytic studies.
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VORTEX INJECTION
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MOTION OF A SINGLE VORTEX

Vortex motion under influence of the flow and of the mutual friction:

vvort = vs + α(T,P) ŝ × (vn − vs) + α′(T,P) (vn − vs)⊥
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TRANSITION BETWEEN REGULAR AND TURBULENT DYNAMICS
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HOW DOES TURBULENCE EVOLVE IN ROTATING COLUMN?

-10 0 10 20 30 40 50 60 70 80 90 Time, s
0

1

2

3

4

5

N
M

R
 a

b
s
o
rp

ti
o
n

1.45

1.50

�
, 
ra

d
/
s

Rotation drive

Counterflow peak

Larmor peak

P = 29 bar

T = 0.54Tc

�cAB

Measurements:

Possible interpretation:

�

vns



HOW DOES TURBULENCE EVOLVE IN ROTATING COLUMN?

-10 0 10 20 30 40 50 60 70 80 90 Time, s
0

1

2

3

4

5

N
M

R
 a

b
s
o
rp

ti
o
n

1.45

1.50

�
, 
ra

d
/
s

Rotation drive

Counterflow peak

Larmor peak

P = 29 bar

T = 0.54Tc

�cAB

Measurements:

Possible interpretation:

�

vns

This  interpretation is not correct!



EVIDENCE FOR THE FRONT
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PROPAGATION OF VORTICITY IN ROTATING COLUMN

vsϕ ≈ vn
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VORTEX FRONT IN NUMERICAL SIMULATIONS
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VORTEX FRONT IN NMR MEASUREMENTS
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VORTEX FRONT IN NMR MEASUREMENTS
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VORTEX FRONT IN NMR MEASUREMENTS
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PROPERTIES OF THE VORTEX FRONT

u ≈ α�R, like for a single vortex

(slower with decreasing T)

Thickness decreases

with decreasing T

Axial flow and twist become

stronger with decreasing T

Relaxation to equilibrium

vortex state becomes

faster with decreasing T



Equations (HVBK) for the coarse-grained superfluid velocity v if vortex

line tension is neglected:

∂v

∂ t
+ ∇µ̃ = v × ω + α′

ω × (v − vn) + αω̂ × [ω × (v − vn)],

div v = 0, ω = rot v, vn = � × r.

Boundary condition: v · n = 0 at the wall (n is a normal to the wall).

� dependence is trivial:

Solution v(r, t) for � ⇒ solution λv(r, λt) for λ�.

COARSE-GRAINED EQUATIONS OF VORTEX DYNAMICS
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COARSE-GRAINED EQUATIONS OF VORTEX DYNAMICS

Two cases can be solved analytically:

• Propagating vortex front without the twist (α → ∞).

• Twisted vortex cluster without the front (z-uniform).



ANALYTIC SOLUTION FOR THE FRONT

If T → Tc then α′ → 1, α → ∞ and ωφ → 0.

Thus vr = vz = 0 and the only unknown function is

vφ = �r f (r, z + ut). The equation becomes
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UNIFORM HELICALLY TWISTED CLUSTER

Look for the time-invariant, z-uniform solution for superfluid

velocity v where all vortices are helically twisted with the

same periodicity:

v = vφ(r) φ̂ + vz(r) ẑ, ωφ/ωz = kr .

Result:

vφ(r) =
�r + (kr)v0

1 + (kr)2
, vz(r) =

v0 − (kr)�r

1 + (kr)2
,

v0 = (�/k){(k R)2/ ln[1 + (k R)2] − 1}

2π/k
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Open questions:

• Relaxation of the twist.

• Role of the instabilities and turbulence.


