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@ ‘He as working fluid
@ Two fluids model of He I
e Inertially driven turbulence in He Il

@ SHREK Experiment
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Two fluids model




Two fluids model

The two fluid model :

@ “normal component” : "l |
Tchermal. ex0|t§1t|ons, 06 — .
interacting with the walls, =t |

9 “the superfluid
component” o2 |

P=Pn+Ps 03 1 T2 11 16 1is 3 2.2
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Two fluids model

Equations of motion
@ Normal component :

Pn(0tVn + (Vn.V)vp) = —%Vp + uV3v,
o Superfluid component :

ps (atvS + (VS.V)Vn) = —%Vp



Two fluids model

Equations of motion with thermal coupling term only
@ Normal component :

Pn(9tVn + (Vn.V)vn) = —%Vp + V3V — psSVT
o Superfluid component :

P (9Vs + (Vs.V)Vp) = —%Vp 4 psSVT
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The observation of some peculiar properties of *He below 2.17 K
leads to the idea of a two fluid behavior :

o Fountain effect

Superleak
(~micron sized)
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Two fluids model

The observation of some peculiar properties of *He below 2.17 K
leads to the idea of a two fluid behavior :

o Heat propagation through temperature waves
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Two fluids model

The observation of some peculiar properties of *He below 2.17 K
leads to the idea of a two fluid behavior :

o Motion through thin gaps

N



Two fluids model

The observation of some peculiar properties of *He below 2.17 K
leads to the idea of a two fluid behavior :

@ Motion through thin gaps
“We are making experiments in the hope of still further reducing
the upper limit to the viscosity of liquid helium Il, but the present
upper limit (namely, 10~° C.G.S.) is already very striking, since it
is more than 10* times smaller than that of hydrogen gas
(previously thought to be the fluid of least viscosity)”

P. Kapitza
http ://www.nature.com/physics/looking-back/superfluid/index.html



Two fluids model

The observation of some peculiar properties of *He below 2.17 K
leads to the idea of a two fluid behavior :

@ Motion through thin capillaries
“The observed type of flow, however, in which the velocity
becomes almost independent of pressure, most certainly cannot
be treated as laminar or even as ordinary turbulent flow.
Consequently any known formula cannot, from our data, give a
value of the ‘viscosity’ which would have much meaning.”

J.F. Allen and A.D. Misener
http ://www.nature.com/physics/looking-back/superfluid/index.html



Two fluids model

The observation of some peculiar properties of *He below 2.17 K
leads to the idea of a two fluid behavior :

o Damping of oscillatory objects

[~ w(#): aftenuation due 2
to viscgsity of the normal fluid =

Mn(pPas)

Normal fluid
participates to
moment of inertia




Two fluids model

Counterflow : heat transport at null net mass flow,

PV =PnVn+pPsvs =0

Vn Vs

D

0, T ox Q3

Gorter and Mellink [1949] propose that a mutual friction force,
proportional to the cube of the relative velocity can be added to the
equations of motion :

fsn = ApsPn(Vn — Vs)3

with Q = psST (v, — vs)



Two fluids model

Equations of motion with the mutual friction term
@ Normal component :

Pr Dok + (¥ V)¥m) = =1V 4V~ psSVT —
o Superfluid component :

Ps (3Vs + (Vs.V)Vp) = —%Vp 4 PsSVT+ s



Two fluids model

The circulation of the velocity around a vortex in a superfluid is
necessarily quantized :

fvsdl =h/miye=x




Two fluids model

After Vinen [1957] seminal work on the
attenuation of second sound in rotating
He I, it becomes clear that the friction
force is in fact proportional to (v, — vs).
It can be rewritten macroscopically

fsn = APsPnS2(Vn — Vs)
and in a steady state counterflow

fsn = Apspn( Vi — Vs )Z(Vn - Vs)

Mean heat flux



Two fluids model

After Vinen [1957] seminal work on the
attenuation of second sound in rotating
He I, it becomes clear that the friction

force is in fact proportional to (v, — vs).

\") . .
! Along a single vortex line :

$ vsdl fl = Bpspnk
2p

(Vn_ Vs — VI)



Two fluids model

After Vinen [1957] seminal work on the
attenuation of second sound in rotating
He Il, it becomes clear that the friction
force is in fact proportional to (v, — vs).
Average over V >> &% :

_ Bpspnk 2

fon &2 2p SL(Vn - Vs)

htp /abag wikidot.com/quantum- with £ = 1/8° the vortex line density

turbulence
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He Il turbulence

First experiments with inertially driven turbulence led by Maurer and
Tabeling [1998] in a V.K. flow :

Results
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He Il turbulence

First experiments with inertially driven turbulence led by Maurer and
Tabeling [1998] in a V.K. flow :

2.5
2 e Results
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He Il turbulence

First experiments with inertially driven turbulence led by Maurer and
Tabeling [1998] in a V.K. flow :

Results
» Kolmogorov spectrum of
kinetic energy

» Same intermittency
corrections

» Later confirmed by Salort
et al. [2010, 2012] in grid and

----26K,1.7m/s----2.0K, 1.7 m/s p|pe flows
17K, 1.7m/s—2.0K, 2.5 m/s
—21K,25m/s— 26K, 2.5 m/s
2.1K,33m/s—26K, 3.3m/s




He Il turbulence

First experiments with inertially driven turbulence led by Maurer and
Tabeling [1998] in a V.K. flow :

— Results

| 0 © 0000000

1 0()

» Kolmogorov spectrum of
kinetic energy

» Same intermittency
corrections

1071

—2(5v®) /(er)

» Later confirmed by Salort
et al. [2010, 2012] in grid and
pipe flows




He Il turbulence

Currently accepted picture of turbulence in He Il at large scale :

Superfluid and normal components are locked by mutual friction
at larger scale than 0.

At small scale/null temperature still debated question.
1/L 1/6 1/n ’logk
1/n 1/6

A

log B




He Il turbulence

Currently accepted picture of turbulence in He Il at large scale :
Superfluid and normal components are locked by mutual friction
at larger scale than 9.

At small scale/null temperature still debated question.

1000

1004

=
o
I

Energy density

o
=
!

0.01 T T
0.01 0.1

1(/i

Example of proposed spectrum a zero temperature : Lvov et al. [2007]



He Il turbulence

Currently accepted picture of turbulence in He Il at large scale :
Superfluid and normal components are locked by mutual friction

at larger scale than 9.
At small scale/null temperature still debated question.

2

10”

E(k)

2n/d
Two fluid DNS at ps/p = 0.1,1,10,40 : Salort et al. [2011]
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SHREK

r Features :
» Propellers : & 0.78 m disks
fitted with 8 curved blades

» Motor : independent top and
bottom driving at constant
velocity or torque

Epoxy/Fiber-Glass
SCTRWS

@ = 1100mm
823 copper pipes
@ =40 x 42mm 4]

2815 min

1160 mm
702 m-m

» Temperature range : 1.6 K -
g 4 K (liquid He), any gas at
room temperature

Saturated bath

- » Pressure : up to 4 bars

Subecooled bath

Rousset et al. [2014]



Epoxy/Fiber-Glass
SCTEWS

@ = 1100mm
823 copper pipes
@ =40 x 42mm

1160 mm

Saturated bath

Subecooled bath

Rousset et al. [2014]

702 mm

{ =
2815 min

SHREK

Features :
Normal (He ) or Superfluid (He II)
flow in the same apparatus during
the same run : need for sensors
operating in both He | and He Il
» Torque measurement : strain

gauge based cold
torque-meters




SHREK

Ty = 21RQ

I V¢1 o/ 2m Control parameters

0.5 » Mean rotation

0 pulsation

-0.5

-1 Q= TE(f1 + fg)
s } Shear layer » Reynolds number

y

[E———a } Re = QRZ/V

fl(top (bot fl(top) > f2(bot.)



SHREK

Torque measurements

1. Gear motor 32:1 » Non-dimensional
torque :
2. Torque limiter
—— 3. Ferrofluidic _T. 52
' feedthrough Kpl r:/PR Q

—4. Warm torquemeter
» Mean torque
—5. Magnetic

feedthrough
Ko = (Kpt + Kp2)/2

6. Cold torquemeter

» Torque difference

7. Impeler

[ Insulation vaccum

[ Saturated helium AKp = (Kp1 = sz)
@ Subcooled helium




SHREK

10
M300x (N.m) Torque measurements
51 » Static torque slightly
‘  Q(rad/s) different in He | and
2 4 6 8 10 He ll

» Quadratic evolution :
developed turbulent

flow
®T,-263K » Higher torque in (-)
W7, =170K direction

20t



SHREK

TM87 (8 blaaes)

' TM60 (16 blades)
0463\ | - f<h<0 b ]
e Add M
L 04 ‘) F g
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0 e stees =60 m
102 10° 10* 10° 10° 107
Re
Results

e

108

» Confirmation of previous results for K}, at high enough Re
» Same dissipation in He | and He Il : governed by large scales




SHREK
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SHREK
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SHREK
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Results
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SHREK

Local measurements
in the equatorial
plane :

» Pitot tubes

» Second sound
attenuation

» Hot films (poster
session)

» Hot wires

» Vorticity scattering
of ultrasound

» Cantilevers




SHREK

Novel design to increase Helmoltz resonance frequency :

Total head pressure

Flow /
direction __~ yi
—_— 7 n

o, )

Static pressure

10 mm



SHREK

Novel design to increase Helmoltz resonance frequency :

20pm Kapton membrane

Lock-in
Ref.

In

10 mm



SHREK

First calibration results :

Co-rotation (both turbines in the same direction)
0.2
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|| = Normal .
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SHREK

First calibration results :
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Second sound resonator setup :

SHREKTOP VIEW

780mm

SHREK

Wall of SHREK

SIDE VIEW OF THE SENSITIVE PART

Sensitive part on the waffer|
Waffer

PCB

Connector




SHREK

Typical resonance and attenuation :
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Vortex line density : £ = 2720 (2 —1)



vo (W/cm?)

Prongs

;5 \Bowed PtRh wire

Flow
Duri et al. [2015]

SHREK

Phenomenological model :

oT

Ea

where m~3and fis
determined considering the
vortex lines tangle sustained
by thermal counterflow itself.

" =1f(T)




SHREK

Spectra :
1025 LERLRRRLLL LAY LRI T T ““”E
; —— Hel019m/s 3 » Comparable f~5/3 power
10t E —e—Hell 0.19 m/s | i
E laws and integral length
109 E scale
fq 1071 § » Departure at length scale
el ] comparable to
] Kolmogorov length scale
1073 £ E in He 1.
0T T a0 e Atfirst glance it seams to work
frfr ... but what are we actually
measuring ?
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SHREK

Effect of velocity :

> @ =@o+Bv*

» Weak temperature
dependence for B

» Correlation coef. between
hot-wire signal and Pitot
tube similar in He | and
He Il




SHREK

Benefits :
» Better spatial resolution,
down to ~ 50um
» Better control over
sensing material at
cryogenic temperature

Signal A= SE2 EHT=1000 kv 1012015 121846
Mag= 39X WD = 67 mm Ulra Plus s

After Bailey et al. [2010] design.




SHREK

o The challenge is now mostly experimental : designing sensors
able to track small scales of the flow

o Dissipation identical in He | and He Il
o Large scale, high temperatures : the two fluids are locked.
o Scales <6:7??

Come and propose experiments through the EUHIT program !
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