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Classical turbulence — measures of its intensity

UL
Reynolds number Re —
For iscthermal flows AY
T(P) v (cm?/s)=10-2 St

kinematic viscosity

air 20 C 0,15
water 20 C 1,004x10?
ethanol 20C 0.022
mercury 20 C 1,2x103
Helium I 2,25 K (VP) 1,96x10
Helium 11 1,8 K (VP) 9,01x10
He-gas 5,5 K (2,8 bar) 3,21x10*

*He Il aina 3He B — S0 Tai the oiily two imeaia Wwrieie quaituin tuirouience
has been systematically studied under controlled laboratory conditions




Classical turbulence

Oscillating grids as a source of nearly isotropic turbulence

I. P. D. De Silva and H. J. S. Fernando
Department of Mechanical and Aerospace Engineering, Arizona State University, Tempe,

Arizona 85287-6106 .
(Received 4 May 1993; accepted 10 March 1994)  Phys. Fluids 6 (7), July 1994

FIG. 1. A schematic of the experimental setup.
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Quantization of vortex lines, core radius ap and intervortex distance ¢

2mh
%vs -dr =nhrk, wherex = % s the circulation quant.

M = 4 for *He and M = 6 for a pair of *He atoms.

N @vﬁ-dﬁznmn 4

e [ is the mean intervortex distance,
e \Vortex core radius a; ~ 1A for *He & ag ~ 800 A at low p.
for 3He




Systems (simplified) to understand turbulence in

extremely low kinematic viscosity

He Il — a “mixture” of two fluids

normal fluid of extremely low kinematic viscosity
+

Inviscid superfluid

Circulation is quantized

o= 27 10~°[cm? / S]
m4




\ortex ring

Finite T @_> Q 0

In counterflow, though, if |V,| <|v, —=V|=Ve ringswith p > b, expand

Dimensional analysis and analogy with classical fluid dynamics leads to the Vinen equation:

dL B p, h
D Z1_p_VCF L —Xo L® +(9(Ver))




Oscillating objects used in experiments in He 11
and in 3He

Hollis-Hallett Andronikashvili

U-tubes

Discs and Donnelly
piles of discs U:I Penrose
Torsional
oscillators Many authors - vibrating wire viscometers

Vinen

Morishita, Kuroda, Sawada, Satoh, JLTP 76, 387
Wires m (1989)
He II and Lancaster — Pickett’s group, Osaka - Yano et al.,
3H Kosice Skyba et aI., Moscow Dmitriev et al.,

e

Helsinki- YKI group , Grenoble Bunkov et al.,

— i

Spheres ® 1 Schoepeet Luzuriaga 4“ :0::|st-t

He II alle
]

(3He?)
Lancaster - P. McClintock’s group Lancaster - G. Pickett’s group
GI‘IdS Top electrode
Grid
He II and —----== =
3He

Bottom electrode




Typical characteristics of commercially available
forks

Room temperature

closed fork frequency 215 Hz = 32764 Hz

linewidth around 0.5 Hz

Bare fork frequency down by 7-10 Hz

linewidth around 5-6 Hz

Ground off can linewidth around 3 Hz

Fork in vacuum: LN2 32722 Hz  linewidth 0.2 Hz
LHe 32710 Hz linewidth 0.06 Hz
Q about 500 000

Fork in cryofluids: HelI SVP 4.2K 31600-31700 H

linewidth 12-13 Hz
HeII SVP 1.3 K linewidth 1.2 Hz

Response to about 8 orders of magnitude of the ac drive (up to
130 V rms) fork rms velocity reaches up to 10 m/s

Thermal cycling is not a serious issue for most applications

-




Quartz Tuning Fork: Thermometer, Pressure- and Viscometer for
Helium Liquids, R. Blaauwgeers, M. Blazkova, M. Clovecko et al, JLTP,
146, 5/6, 537 (2007)

T

P
A
A

Mechanical properties Electrical properties

2 de kK F P Fork response dx (1)
dr2 +VI+;"‘:; U =Uycos(wt) [(1)=a dt
Resonance frequency The mechanical oscillator with the
e [E 5 equivalent electrical RLC series
Vom resonance circuit. The
@0 corresponding differential equation

Quality =~ , where width of

for the current is
resonance curve Aw=y

. ’I Rdl I _1dU
Effective mass of prong | £, = (4/2) v,. a? T Ta TICTLdr s
Myac =0.24267 pg LW T 2
e P R =2my/a~, wi =1/(LC), y =R/L, and
L =2m/a’. l/L=(Fy/Up)a/m
/
C — “2/(2/() q= f;Zm Aw
V R
G Ll O=ITIClIialliiCc o JI aliOnt




Tuning fork 32 kHz
Tuning fork 8 kHz




Absolute p




A gilent 54624A
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Free decay of grid oscillation
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Generation of the quantum turbulence
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Reconnection

and loops creation
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New tuning fork vibration modes

Flexible modes Twisting modes
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Size and vibration modes

g . 8 ~ L=1.61mm- length
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Size and vibration modes

Mode of vibration: twisting W T
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Torsion fork motion at different modes
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Different media of fork
vibrations

Calibration of I-V convertor.
393 kHz 0.571 V on R=33 kOm Uex=0 dB
76 kHz 0.629 V on R=33 kOm Uex=0 dB

Frequency of resonance U,=0dB (1V):

Gases Vacuum Room He Room Air Room N2 Low T
393kHz 393 020,1 393 014,75 392973,5 392 653.5

76 kHz 75 663,24 75 688,875 643,75 75927,6

Liquids SFHeT=1.4K HeT=4.2K Liquid N, N2 Low T

393kHz 387 892,5 388 372,5 37199/7,5 392 653.5
76 kHz 74 308,9 74 458 67 567,575 927,6

B ﬁ
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Different media of fork
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The resonant frequency of
the circuit is given by

1
21y (Ly + L) * C;

The resonant frequencies
were measured in different
media, so for these
measurements changed
only L,

f=

el
=




Fork vibration in superfluid helium

O Flexible
O Torsion




Tuning forks are cheap, robust, reproducible, easy to install
and very sensitive;

Vibrating forks in superfluid helium use as a generator and a
detector of turbulence;

Influence of one fork on another at distance more bigger the
_sl_iz% &f fork — the vertexes move through cm’s distance at
Virgin and disturb states exist in superfluid helium. The
disturb state maintains hundreds hours at base
temperatures (T~10 mK);

The energy loss of vibrating grid at free decay and tuning
forks comes through three stages:

- very quick energy loss - energ?/ pumping into
turbulent state (inject of vortex loop flux or classical
turbulence?),

- quick linear loos of energy (create of vortexes?),

- slow free vibration (laminar motion, quality of grid);

The torsion tuning fork has two modes: flexible and
twisting. The transition into turbulent state has drastically
different critical velocities for bending and twisting motion.




