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Oscillating objects used in experiments in He Il and in 3He

of discs

Many authors — vibrating wire viscometers
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Vibrating wires Lancaster, Helsinki, Kosice, Osaka, Grenoble....

Both in He II and 3He, in mixtures
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of cryogenic fluids, especially gaseous He, He |, He Il and 3He-B
*Cheap, robust, widely available, easy to install and use, extremely sensitive
(Q = 10°- 108 in vacuum at low T)

An electron micrograph of the quartz tuning fork (a) and
details of its side (b) and top (c¢) quartz surface.




Simple harmonic oscillator:
m.mﬁga%%;(k){k% ;EK)COS(Q)I) “— harmonic drive
t

damping

Damping in a Newtonian viscous fluid:

F R — Am X + VX <+ viscous drag
aarrmp ’
f These depend on liquid
hydrodynamic mass enhancement density and viscosity.

| F 4amp is Phase-shifted relative to velocity
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Working fluids

2) gaseous He, room temperature, up to 30 bar
/8 K, up to 30 bar

3) normal liquid He (2.17 K; 4.2 K), up to 30 bar

4) superfluid liquid He (1.3 K: 2.17 K), SVP

Playground:

Kinematic viscosity: (1-104 - 0.15) cm?/s
Dynamical response over 7 orders of magnitude of drive




weo 1 [pf: e Quartz Tuning Fork: Thermometer,
2 L he N= "5 Aig ot Pressure- and Viscometer for Helium Liquids®
e R JLTP, 2007
T N ‘.“' R. ]Z’.laf.luwgeers,1 M. Blazkova,2 M. él(}ﬂ-‘:ékﬂ,3 V.B. Eltsov,1#
Z 5 %.‘ R. de Graaf,! J. Hosio,! M. Krusius,! D. Schmoranzer,” W. E‘w,h(:repe,6
‘y‘ RS ‘ L. Skrbek.> P. Sl«Lybsal,3 R.E. Solntsev,! and D.E. Zmeev!*
4 - .000.0"“.
2 f‘ ..-""'” He Low Temperature Laboratory, Helsinki University of Technology, Espoo, Finland
g/ E-mail: ve@boojum.hut.fi, mkrusius@neuro.hut.fi
e EE— 2 Institute of Physics ASCR, Na Slovance 2, 152 21 Prague, Czech Republic
0 5 10 15 20 3Centre of Low Temperature Physics, Institute of Experimental Physics SAV, Kosice, Slovakia
Pressure (b ar) i "*Kaps'e‘za Insriflum for Ph{-'slfca.-‘ Problems. f‘{osylg.ifm 2, Moscow 119334, Russia
aculty of Mathematics and Physics, Charles University, Ke Karlovu 3, 121 16 Prague, Czech
Density p, g/cm3 Republic

0.12 0.130 0.140 0.150

B R S e ol b Fakultdit fiir Physik, Universitit Regensburg, D-93040 Regenshure, Germany

31650: %% 4
L S 1 “He
31600} ey \\‘.

[ Dqﬁ’,@

=

g : I \ I I SO B
g 31550F 800? v Normal phase r W v |
§ 1500k 200~ " A phase on coolmg e ~
3 I | o A phase on warming i
ik ] L 600 o B phase |
; . . ' ] as i = i
¢ > Pressure1 (1)3, bar . 20 @ 500? 3 H ei

Ty o
400+~ On N
| . u =
3001 p=290bar —
L o0 J
5

200 ] ‘ | ) | ) | . | | 1 L]

le 1.8 20 22 24 26 28




Quartz fork as a generator and detector of turbulence
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FIG. 2: Transition from laminar to turbulent drag regime as
detected by the vibrating quartz fork A2 in He [ at 4.2 K and
18.6 bar (x), in He IT at SVP at 1.37 K (o), 1.61 K (v7), 2.06 K
(A) and in gaseous helium at 78 K and 10.05 bar (e). For

conversion of measured electrical quantities Up and I to F

and U, see [1]. The insets show the width A f of the in-phase
resonance response (top) and the frequency of maximum re-
sponse fmax (hottom) versus measured current; both being
constant in a linear regime. Increase of Af and decrease of

fmax indicate an onset of the turbulent drag regime.




(i) He | at 4.2 K and various pressures and down to TA at SVP
(iif) He 1l down to 1.3 K at saturated vapour pressure (SVP)

All these experiments (with three tuning forks A1, A2, B1)
were performed in the same experimental pressure cell
using the same sample of He throughout, starting with the
highest density which was gradually released in order to
prevent gathering of any solid particles on the fork’s surface

“He properties are very well known and tabulated:

R. J. Donnelly and C. F. Barenghi, J. Phys. Chem. Data 27 (1998) 1217.

R.D. McCarty, Technical Note 631, National Bureau of Standards, Gaithers-
burg, Maryland (1972);




ritical velocity scaling:
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We experimentally verify (using
He | at SVP and elevated
pressures and He gas at
nitrogen temperature as
working fluids) that this scaling
indeed holds.

The logarithmic graph gives a
gradient 0.48 + 0.04




Flow due to an oscillating

1o0r object : another length scale:
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However for the oscillating

fork we assume:

Characteristic length scale — Professor Genk Strouhal

NOT fork dimension D, but >
V
viscous penetration depth 3!!! 5:\/% = 0-5pm << D =100um

Replacing D by ¢ in both Re and S we get:




Exactly soluble example — an oscillating sphere in a limit

Turbulent drag force g = 7,Uz —0.5 CD7Z',0R2U2
tur ‘

Crossover UC — i — Ci\/ v 1 21\ vw
4 D

This gives about 1.3 m/s for a sphere of any size, oscillating at 32 kHz in
He | at SVP right above the superfluid transition
(factor of 4 higher than what is observed for our forks)

velocity enhancement at the corner
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fork A1 € 1 the T-dependence of the
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S U =

o X . { verified for classical viscous
o0 1 fluids, If He Ilis treated as
o . x . 1 asingle-component
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Oscillating

Top electrode T<130 mK

0 <p<25 bar

B ottom electrode




Experimental Investigation of the Dynamics of a Vibrating Grid
in Superfluid ‘He over a Range of Temperatures and Pressures

D. Charalambous,? * L. Skrbek,? P.C. Hendry,! P.V.E. McClintock,! and W.F. Vinen*
' ‘ ' |

—

350MK —% ]
2000
L v fork A1 D% oo 43
1800 k& fork A2
’—‘ 1370mK | of | o fork B1 ) I
1l ‘ ' 1600 | * vibrating grid
1100mK 1400 | < Oregon data &

= Ref.[15]

max{Lower Electrode Voltage} (mVpp)

120
M |

1 | I L
10° 10
[rivg wnltane (mvnni
E' 5 T T

—~1
T

Max. grid speed (cm 541)
o
@ on
T

en
on
T

i 4”

1 1
800 100C 1200
Temperature (mk)

600

0 IO (,? 1 1 1 1
0 200 400 600 800 1000 1200 1400

Trmrabirn f—lfy




ES

0 27K [V
10 s
0.01 0.1
Stalp, Niemela , Vinen, Donnelly
Phys. Fluids 14 (2002),1377.
2000 T
| v fork A1 M:% EEE
1800 | & fork A2 oo < E{I J
| © fork B1 . jonnpmi —
1600 | = vibrating grid \N\'\
O !
| < Oregon data . i
1400 = - Ref [15] o o
[ —+— Ref. [5] -
—1200 |
N-_"’_ 00 i \ <>Dj
o™~ .
E1000 | *° 20N
A S eSS
5% 800 | 25 kNG
L &5 ol
720; e, v
600 |- £ o ] e
| *_:_’15— RS &7 E Avd
a0 |10 2 T X
e T,
200 F b %
| 1.2 1.5 1.8 2.1
0....|o1;('1<')'v??7@ [EPEEEE BT
0.0 0.4 0.8 1.2 1.6 2.0 2.4
T (K)

\ Effective Kinematic Vigcosity of Turbulent He II

10°

2
v, cm /s

t*)_3/21 3

0.88 W/cm®
0.57 Wiem?
0.31 Wiem®
0.22 Wiem”
0.14 Wiem®
0.08 Wiem®
0.08 Wiem®

1l

0,1 1 10
time (s

Subm. to PRE
T.V. Chagovets', AJV. Gordeev', L. Skrbhek?

"
0

1




After saturation of the energy-containing length scale — universal decay law

Size experimentally confi
assical turbulence)

The late decay -consistent with
Kolmogorov — type turbulence

Gordeev, Chagovets, Soukup, Skrbek,
;‘J‘I:TP 138 (2005) 554
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Drag coefficient versus velocity in helium gas, He | and He Il
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Second approach fully independent

turbulent drag, both terms being present at all velocities, the dominant term being
simply the larger one.
N laminar N turbulent (const) SF turbulent

Cd(U, ™ ) =

—
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Step function

Uc is the sharp critical velocity for onset of turbulence in the superfluid component.
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E/\% > quantum
evaporation

5/\% (b) )

— instability against balooning out, vortex wave of the drive
frequency becomes excited, the loop twists, reconnects and
the free vortex ring flies away — dissipation



V (m/s)

3.0

2.5

2.0
. He |
15 g
sa
L He ll 2
1.0 5
05 h —es S
R I T Mg
0.0 Lt & 3 IR T T P S T I T 1 R T T 1 R 1 I T
1.0 1.5 2.0 25 3.0 35 4.0 45
T (K)

%}

W caw

| ' ' ' N 1
r © v 10806k B1 hrnek, cela
e i e
g nﬁf a, 33 Ay a1 1-8-06 Bl cala
8™ Pﬁ = wcavBs, hmek, cala (ms)
¥ T8 o %
1L o D V??\g o _
1-\J'
. .3
I k)
R ,:;ﬂ’q’ % v i
L Qﬁ o
L A A ﬁ%v Al A A
&
0 1 l 1 |
20 21 2 23 24




N
—
v o
o —
< O
—_—
NN O
oy
1
>
S
k3
o
.._M
c
o
-—
(]
S <
T L
w O
Il.\hti’lA-
=Ny
IQ'J
Iﬂw ~y
N

M3

~

AW\EV >m0>

+0.00014
+15.12485
8000

6000

= 0.98547

0.03477
-141.44385

RA2

P1

P2
4000

i
©

(A

S
g
=
72]
w)
o)
—
o
—
)
>
S)

2000

0.0




dynamics and superfluid hydrodynamics.

*Cryogenic helium offers an unprecedented range of easily
tunable (p, T) flow properties, where response of these
mechanical oscillators to an external drive of an externally
applied flow can be monitored over many (8 ???) orders of
magnitude.

*They can generate and detect turbulence (and transition
to turbulence in particular) in gaseous helium, He | and He
Il as well as in 3He.

Furthermore, vibrating quartz forks can be used to give us




