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Large scale facilities to compare superfluid and 
normal fluid turbulence behavior at high Re 

B. Rousset, C. Baudet, M. Bon Mardion, M. Bourgoin, A. 
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■ Motivations to compare He II and normal helium turbulence and limitations

■ Solutions to reach ultimate Re numbers in He I and He II and its consequences

■ Brief presentation of passive grid flow at high Re

■ The giant von Karman facility SHREK 

■ Some results obtained in SHREK using global measurements (Local measurements are 
presented in another session by Pantxo D. and Philippe R.)  

■ Brief presentation of oscillating grid flow allowing 3D Particle Tracking Velocimetry at 
moderate Re number

Summary:

https://eequte2023.sciencesconf.org/
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Ultimate high Reynolds number                          
at laboratory scale : 

so or

For a defined geometry L and a given Re 
number, dissipated power scales as  

and

fluid viscosity n (m²/s) density r (kg/m3) r.n3 Power (W)
He I 2.3K-1bar 2.01E-08 147.8 1.20E-21 400

Air 1.50E-05 1.2 4.05E-15 1.35E+09
Water 1.00E-06 1000 1.00E-15 3.34E+08

SF6 at 15bar room T° 1.50E-07 92 3.11E-19 1.04E+05
Air at 240bar room T° 9.62E-08 263 2.34E-19 7.82E+04

𝑹𝒆 =
𝑽. 𝑳
n

https://eequte2023.sciencesconf.org/
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Counterflow

isothermal flow  

Second sound alone    hot wire alone  

global sensor at room temperature 
(torquemeters, calorimetric measurements)

or microcantilever, micropitot, wall pressure sensors… 

or isodense particles +  visualization

Comparison of He II and He I turbulence in the same 
facility and (if possible) with the same sensors: 

https://eequte2023.sciencesconf.org/
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■ Flows generated in liquid helium usually operate inside a saturated bath.  Kinetic energy rV²/2 should be
compensated potential energy r.g.h, to prevent cavitation  (g.h>V²/2 is safe due to absence of germ in helium).  
This limits maximum velocity to avoid cavitation. Typically, local velocity must remain under 5m/s.  

Working with large velocities without 
cavitation and/or boiling: 

Extracted from paper
« Comparison of cavitation flows in 
He I and He II » 
by T. Ishii and M. Murakami , 
Cryogenics 2003

https://eequte2023.sciencesconf.org/
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■ Normal helium has a very poor heat conductivity and is subject to nucleate boiling as 
soon as some heat is released in the bath (wall heat loss, ball bearing friction loss, heat 
coming from Joule effect in case of resistive sensors..).

Working with large velocities without 
cavitation and/or boiling: 

Liquid helium need to be subcooeld/pressurized by
@ hydrostatic pressure
@ decoupling pressure/T° via double bath

See Philippe R. 
for more details
about Toupie 

SHREK experiment
(detailled afterward)

https://eequte2023.sciencesconf.org/
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Sensors as “hot wire” need to be overheated to operate. 

Working with large velocities without 
cavitation and/or boiling: 

Tc=5.2K
Pc=2.2bar

VapourLiquid

To avoid any risk of nucleate or film boiling, 
fluid should be at a pressure higher than 
critical pressure (2.2 bar for helium)

This corresponds to 140 m of equivalent 
liquid helium height, and can not be 
obtained by means of hydrostatic 
pressure at laboratory scale. 

A dedicated pressurized bath connected to a 
cold source (saturated bath) must be used. 
Pressure is decoupled from temperature, 
enabling the same fluid density to be 
achieved at different temperatures, whether 
in normal helium or superfluid.

https://eequte2023.sciencesconf.org/
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Working with large velocities without 
cavitation and/or boiling: 

Example of He II double bath : test 
of a heat exchanger for HL-LHC

Pressurized subcooled He II 
bath

Saturated He II bath (cold 
source)

Pressurized He II/saturated He 
II heat exchanger

Filling line (and connection to 
pressure sensor, safety valves…)

https://eequte2023.sciencesconf.org/
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Working with large velocities without 
cavitation and/or boiling: 

Isothermal He II e.g. 
T»1.8 K

1 bar  4.2 K

He I
T » Tl

He II

T»1.8 K + e

He vapor
Interface temperature 1.8K

He vapor
Room temperature

Isothermal He II e.g. 
T»1.8 K

He vapor
Room temperature

Room temperature

He II temperature
gradient implies
heat loss

Main problem of double bath concerns the connection with temperature 
higher than Tl (safety valve, pressure measurement, filling and 
pressurization pipes) and justify that this technic named “Claudet bath” 
was only employed recently and remains rare.

https://eequte2023.sciencesconf.org/
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Main problem of double bath concerns the connection with 
temperature higher than Tl (safety valve, pressure measurement, 
filling and pressurization pipes) and justify that this technic named 
“Claudet bath” was only employed recently and remains rare.

Working with large velocities without 
cavitation and/or boiling: 

𝑊!.#. 𝑑𝑥 = −𝑆!.#(
$(&)

$ ( )$l
𝑔 𝑇, 𝑃 𝑑𝑇

Inside He II, assuming 1D heat flow, DT obeys to the law : 
𝑞!.#. 𝑑𝑥 = −𝑔 𝑇, 𝑃 𝑑𝑇

𝑊!.#. 𝑑𝑥 = −𝑆!.# 𝑔 𝑇, 𝑃 𝑑𝑇

𝑊 = −
𝑆

𝐿
*
!.#
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Must be 
very small

https://eequte2023.sciencesconf.org/
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Passive grid flow :  Hegrid

See the designer/user Pantxo D. 
for more details

Hegrid experiment provide insight about 
behavior of miniature heaters (like “hot 

wire”) in a subsonic He II flow

https://eequte2023.sciencesconf.org/
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■ Rl (calculated for He I) up to 350 was achieved

Passive grid flow :  TSF

Detail of the grid

DSP based on micro-pitot 
measurements (courtesy of 
Julien Salort)

https://eequte2023.sciencesconf.org/
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Giant von Karman flow :  SHREK conceptual design

https://eequte2023.sciencesconf.org/
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SHREK control parameter allowing to reach Rl=10000 
2 propellers rotating co/counterclockwise at the same/different
frequencies 𝒇𝟏 and 𝒇𝟐. Control parameters :

Different types of propellers are available : curved 
blades, radial straight blades, radial fractal blades… 

𝒇𝟏 ∈ −𝟐; 𝟐 hz 

𝜽 =
𝒇𝟏 − 𝒇𝟐
𝒇𝟏 + 𝒇𝟐 ∈ −𝟏; 𝟏

𝑹𝒆 = 𝝆.𝟐𝝅𝒇𝑹𝟐

𝝁
≤ 𝟏𝟎𝟖

KT 2.46.1 ££ BarsP 41 ££

https://eequte2023.sciencesconf.org/
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Giant von Karman flow :  SHREK

To insure a perfect symmetry, blind holes are drilled at 
the bottom plate to mimic the entrance of the top plate 
heat exchanger 

Static plate used for hydraulic purpose and support 
of electrical heater at the rear side

An aluminum sleeve is inserted, to avoid flow 
perturbations due to lateral flanges 

https://eequte2023.sciencesconf.org/
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SHREK :  some technological details 

Torque meter

GearboxD
ou

bl
e 

te
le

sc
op

ic
 c

ar
da

n 
sh

af
t

Magnetic coupling

https://eequte2023.sciencesconf.org/
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Giant von Karman flow :  SHREK

Static plate used for 
hydraulic purpose and 
support of electrical heater 
at the rear side

All-degree slots for 
illumination/reflection 
diode/photodiode for 
rotation frequency 
measurement

https://eequte2023.sciencesconf.org/
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Giant von Karman flow :  SHREK

Aluminum sleeve equipped with small 
Eulerian sensors

https://eequte2023.sciencesconf.org/
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SHREK :  various configurations
Various blade shapes were tested. Different rotational frequency measurements were also used.

Optical diodes or capacitive sensors are employed to "track" uniformly distributed holes at each degree.

https://eequte2023.sciencesconf.org/
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SHREK :  global measurements (Torque meter 
calibration)

https://eequte2023.sciencesconf.org/
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SHREK assembly before every run

https://eequte2023.sciencesconf.org/
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In situ torque meter verification

1.7kg.m² is the moment of inertia calculated using 
solidworks CAD software

fluidstaticK I G+G+=G w!300

SHREK :  global measurements (Torque meter 
in-situ “calibration”)

https://eequte2023.sciencesconf.org/
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SHREK :  global measurements (torque meter 
results)

𝜀 =
G)w) + G*w*

𝑀+,-./

𝑀+,-./= 𝜌+,-./ . 𝑉

These non local measurements
indicate that total injected

kinetic energy flux is identical
for He II and He I. 

The propellers rotate in counter rotation at the same frequency (f)

𝜌01 ).234,6789 = 152 𝑘𝑔/𝑚3

𝜌01 *.24,6789 = 152 𝑘𝑔/𝑚3

w. = 2. 𝜋. f.

https://eequte2023.sciencesconf.org/
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SHREK :  global measurements (torque meter results)

𝑅𝑒 =
w 𝑅+

n

w* = w+ = w

𝐾, = 𝜀 -./0 =
G* + G+ .w
2. ρ. 𝑅1.w!

https://eequte2023.sciencesconf.org/


Rousset B.    Bridging Classical and Quantum Turbulence 3-15 Jul 2023 Cargèse, Corsica (France) 04/07/2023 25

Disposition : Deux contenus

SHREK :  global measurements

Closed flow allow measurements of both injected and dissipated power providing SNR is high enough. 
It also required « statistically stationnary turbulence » and absence of any drift during the measurements.

Dissipated power W can be access by vapour mass flow produced by the cold source to absorb energy
coming from the internal flow, but usually it is very tricky as other loss (radiation and conduction losses,
evolution of external environment...) induces very low SNR.

Another solution is possible in superfluid with the « Claudet bath » configuration.

𝜀 =
G)w) + G*w*

𝑀+,-./
Injected kinetic energy flux

𝜀 =
𝑊

𝑀+,-./
Dissipated kinetic energy flux

https://eequte2023.sciencesconf.org/
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DT through Shrek heat exchanger for different 
electrical powers and temperatures 

Wall

T° profile

Pressurized 
He IISaturated 

He II

DT at the wall interface 
due to Kapitza resistance

DT through 
the wall

~𝑇2!~𝑇2*

SHREK :  global measurements (power 
dissipation  calibration using heaters)
El

ec
tr

ic
al

 h
ea

te
rs

Th
er

m
om

et
er

s

Electrical heater (W)

∆𝑇 =
𝑊
ℎ(;)

https://eequte2023.sciencesconf.org/
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SHREK :  global measurements (power 
dissipation measurements)

Pr
op

el
le

rs

Th
er

m
om

et
er

s

∆𝑇 =
𝑊
ℎ(;)

Using electrical heaters and propellers are rest, we have established the law

With no electrical power and propellers running, power dissipated by propellers is calculated with
no matter existing heat loss on saturated bath
Furthermore, saturated bath surrounding the von Karman cell allow to minimize heat loss

𝑊 = ℎ(;). ∆𝑇

Propeller dissipation (W)

𝑊 = ℎ(;). ∆𝑇

https://eequte2023.sciencesconf.org/
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SHREK :  global measurements

21

21

ww
wwq

+
-

=

iG Torque measurement on propeller i

Calorimetric measurement 

Injected kinematic power : 

𝜀. =
G)w) + G*w*

𝑀+,-./

𝜀= =
𝑊

𝑀+,-./
𝑊

𝜀. 𝜀=,        (W/kg)

21

21

ww
wwq

+
-

= 𝜔 =
𝜔* + 𝜔+

2

𝜔 = 0.45ℎ𝑧

T=1.63 K

Mean rotation frequency :

Relative rotation frequency of top and bottom propeller 

w. Frequency measurement on propeller i

𝜀(>/@A) =
n3 𝑅𝑒3

𝐿6

ρB
𝜌 > 80%

https://eequte2023.sciencesconf.org/
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The SHREK facility is capable of continuous operation under stable conditions (temperature 
control better than 0.1mK), which has made it possible to achieve unprecedented statistical 
convergence. The very high number of Re and the long recording time (several days 
possible) ensure a very large number of vortex turnarounds. This was used by the 
Oldenburg team (Joachim Peinke and co-workers) to test the validity of the integral 
fluctuation theorem.

I take also this opportunity to remind us that SHREK results could be available for other post 
processing if it can help to increase our knowledge. As an example, Alain Pumir and co-
workers asked us for use the SHREK data in order to test a new procedure “Stochastic 
Interpolation of Sparsely Sampled Time Series via Multipoint Fractional Brownian Bridges”. 
They kindly acknowledge the SHREK collaboration in their paper.

Ultimate convergence statistic without any flow 
change : 

https://eequte2023.sciencesconf.org/
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3D lagrangian measurements to study He II oscillating grid 
turbulence (preliminary results) : part of Clement Bret Phd

3𝐷 𝑇𝑟𝑎𝑗𝑒𝑐𝑡𝑜𝑟𝑖𝑒𝑠 ∶ 𝑇° = 1.6𝐾, 𝑓!"#"$= 6ℎ𝑧
𝐴!"#"$ = 14𝑚𝑚 → 𝑅𝑒l = 400

𝐹𝑃𝑆 = 3000, 𝑣𝑜𝑥𝑒𝑙𝑠 = 800𝑋800𝑋800 𝑝𝑖𝑥𝑒𝑙𝑠

𝑉𝑒
𝑙𝑜
𝑐𝑖
𝑡𝑦
𝑛𝑜
𝑟𝑚

(𝑚
𝑚
/𝑠
)

3
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Conclusion
It is possible to realize large experiments and obtained ultra high Reynolds number 
using liquid helium

Once the difficulties of working at low temperature are overcomed, results can be more 
accurate and gives larger statistic than in classical fluid due to a better temporal stability

Superfluid and normal helium flows at identical total density can be produced and studied in 
the same facility with same sensors, providing under cooling (pressurized bath) is used.

Main results obtained with micronic Eulerian sensors will be presented by Pantxo and Philippe

In the inertial range and for inertially driven flows, superfluid helium behaves as a classical
fluid. Furthermore, this is also the case for the overall dissipation, even if the mecanism
responsible for the superfluid dissipation remains to be studied. 

https://eequte2023.sciencesconf.org/
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■ Dire que le fait que les lois dans le domaine inertiel en -5/3 pour la cascade de Kolmogorov et 
le transfert d’énergie cinétique sontréalisées avec des capteurs locaux.  Ces mesures locales 
dans un écoulement pas nécessairement THI à grande échelle pourraient éventuellement
introduire des biais.  

Des mesures comparatives entre He I et He II de la puissance totale injectée et/ou de la 
puissance totale disssipée pour une condition identique sont ainsi un complement important.   

■ Les résultats de SHREK avec conditions identiques (fréquence géométrie densité fluide) et 
avec des capteurs identiques non intrusifs dont la mesure (éventuellement faite à 
temperature ambiante) ne dependant pas de la T° ou de la nature du fluide (couplemètre à 
T° ambiante et mesures calorimétriques) montre l’equivalence entre He I et He II.  

■ Sinon insister sur le fait que l’installation SHREK très fort Re permet d’avoir des puissance 
dissipées suffisantes pour des mesures calorimétriques aisées car dissipation >>pertes 
thermiques et aussi stabilité sur des temps très longs pas de dérive (type dérive en T° de 
composants ou de l’écoulement…) 

Turbulence in He I and He II isothermal flow : Total 
dissipation 

https://eequte2023.sciencesconf.org/
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SHREK :  global measurements (torque meter 
results)

𝑅𝑒 =
w 𝑅+

n

w* = w+ = w

𝐾, = 𝜀 -./0 =
G* + G+ .w
2. ρ. 𝑅1.w!
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