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Overview

Introduction to the experiment

Experimental observations on:

—  Criteria for turbulence
« Temperature
* Velocity
« Effect of initial vortex configuration

— Sequence of events:
1. Injection of vortex lines, start of turbulence

2. How does turbulent network advance into vortex free flow
3. Relaxation



Turbulence in superfluids

*Supefluid turbulence =
tangle of vortex lines
(no strict definition)

*Discovered in thermal
counterflow
experiments in “He-ll

Turbulence in thermal counterflow
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Hydrodynamics of *He and 4He

In 3He-B:

*Normal component ~104
more Viscous

*Vortex formation under
control

Mutual friction covers
different ranges, o and o’
are the mutual friction

parameters such that
v, =V, +mA><(vn —vs)—a'S‘x[L@x(vn —vs)]

0.01

(1-a)/a

*He-B (29 bar)

0.1E

10

0.1F

™ ™ T ™ T ™ [ ™ 4
T.D.C. Bevan et al. J. Low. Temp. Phys, 109, 1997.

03 04 05 06 07 08 09

TIT,

I RJ. Donnelly and C.F. Barenghi,
I— J. Phys.Chem. Ref. Data, 27, 1998.

40.1

T (mK)

L]
2.2

N

1
14 16 18

(1-a)/a



Rotating cryostat

Dilution refrigerator for

precooling

*Adiabatic nuclear

demagnetization cooling for

superfuid 3He

*Creation of flow with rotation
*normal component
follows the container
esuperfluid at rest until
vortices form




Rotating 3He-B

vortex-free rotation

L

*maximum energy state
*normal component in
corotation with the bucket
superfluid stationary in
laboratory frame

intermediate

*Cluster of
vortex lines
O<N<N, .,

solid-body rotation

*minimum energy state
*superfluid mimics
solid-body rotation
total number of

vortex lines:
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Overview of Experiment

e . " expansiontoa R
inject a vortex line D rectilinear vortex line
High T . .
- - N conserved |
*At high temperature Low T

each injected vortex
expands to a rectilinear
vortex line; Number of
vortex lines is conserved

v

At low temperature
appearance of vortex
loops usually leeds to
equilibrium number of
vortex lines

k. .

Equilibrium amount
of vortex lines



Experimental setup

I @ «— NMR pick-up

Two independent NMR
spectrometers
Magnetically stabilized

11 cm : AB phase boundary for
I . I barrier magnet vortex line injection

A-phase

! <I@ +<— NMR pick-up

d=6mm — |«

T to heat exchanger



NMR on 3He-B
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Spectra of turbulent events
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Mechanisms for vortex injection

Shear-flow instability Kibble-Zurek Flow through Wall defect
of AB interface after neutron capture orifice
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Shear-flow instability of the AB
phase boundary

A phase has low Q_ and B phase high Q_

*A mimics solid body rotation
A —»

*B does not move

*Under rotation a velocity difference between

| w the superfluids forms, "wind”
*Phase boundary becomes unstable and vortex
, \ Ll \ lines are injected in the B phase

W

*Number of vortex lines injected N~10

* Velocity where vortex lines are injected can
be tuned with magnetic field

On thursday:

Vladimir Eltsov,

Instability of interface between two sliding superfluids
and vortex formation
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Transition to turbulence

«Start with vortex-free
rotation

*Inject vortex lines using
K-H instability of AB
boundary at varying
rotation velocities and
temperatures

«Categorize results
according to the final
number of vortex lines:

*A small number

* Almost
equilibrium amount
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Transition to turbulence

«Start with vortex-free
rotation

*Inject vortex lines using
K-H instability of AB
boundary at varying
rotation velocities and
temperatures

«Categorize results
according to the final
number of vortex lines:

*A small number

* Almost
equilibrium amount

9, ,
0.2 1. ' g 3
LN L S
1.5k . anat '{ | . " *‘.‘_ 1
u ® | [ ]
" .. &. S . H ".'...
° o & .
- ® _ee® | ® )
1.4_... .u.... .Il .. : ’-:....--E:-I o
/(._\D\ L ° - ] : r i ] & ] - .I. '
© L- ® ! '_5 "n s

91 3_ I mge :. o -..- ., ol
~— 1. .. ] ..‘..l " : ' ] ‘. ..'l ‘b'

G " . ™ S

. " s :_\,'.E - i " '
1.2F o° ~e " i .
CfE oy
p=29.0 bar % . Fg
1.1} = regular 0 . " -
= turbulent . il . . S|
0.4 045 0.5 0.55 O 0.65 0.7 0.75
T/Tc'
turbulent «——» reqular



Velocity independent?

For classical liquids, taking @ =V xv
0w

— = Vx[vxa)]+vVa)
ot inertial
/ \ : =Re =UR/N>1 —> turbulence
viscous
inertial ~ Uw/R viscous~vw/R2

For superfluids with v,=0, Re;=UR/k >1 and @, = <V X vs> averaged over vortex lines

ow,

= :(l—a')Vx[vs xa)S]+aV><[c?)S ><(0)S XVS)]

f \ inertial _ 1-o’
viscous a

inertial ~ (1-a’)Uw/R viscous~aUw/R




eventsfotal events

Pressure dependence
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Turbulence at high flow
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Turbulence at high flow

40

(04
1-o
from Bevan et al.

10

040 045 050 055 060 065
T,



Initial configuration
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Absorption (mV)
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Structure of advancing vortex
configuration

Vortex free

*/ v,=0

Rear part,
turbulence decays
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Movement of the turbulent front

/’__4535\?xpand1ng vortex

—

Final p081tlon

*The speed at which the turbulence

expands to the vortex free counterflow
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Twisting head
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Trailing edge t as a function of T
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Layer thickness
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Trailing edge t as a function of Q)
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Kelvin waves

2 Z The motion of vortex lines is described by the equation

v, =V, +05§><(vn —vs)—a'§><[§><(vn —vs)]

Consider a displacement from the undisturberd line

[(2)=¢(2)x+n(2)y+zZ

for wavelike solutions the dispersion relation will be
s o=k’ —a'(vkz —ku)+ia(vk2 —ku)

/ T y Modes that are excited exponentially:
/ y k< ==
|4
X y=""ml

dr  a



Kelvin wave instability of curved
vortex lines

R

\_\__/_/

1. Injection and
expansion

\.\_\__/_/

2. Orientation
along the flow

\\_\__/_/

3. Kelvin-wave
instability excited

\_\J//

4. Growth of
Kelvin waves
and

reconections



Slow vortex formation from Kelvin
waves

Equilibrium
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Conclusions |
transition to turbulence in 3He-B
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Conclusions ||

« Two clear regimes in 3He-B: laminar when
o/(1-o')>1 and turbulent when o/(1-a')<1.

* In a long column of rotating 3He-B a
turbulent layer sweeps away vortex free
flow and replaces it with an array of vortex
lines.

* The layer moves slower and becomes
thinner with decreasing temperature.
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