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Outline

 |Introduction- transition to turbulence in steady
viscous flows and oscillatory boundary layer
flows due to various oscillating objects

* A Dbit of history

* Drag on oscillating objects (in viscous flows and
In superflows)

e Baker visualization technique
* lIrregular, “virgin” versus “regular” behaviour




Viscous steady flow
circular c circular disc




Flow of He Il past a sphere also displays drag crisis
M. R. Smith, D. K. Hilton, and S. V. Van Sciver, Phys Fluids 11, 751 (1999).

- Stokes (Sphere) b Sphere

0.3

10 102 103 104 10°

Reynolds number




Discs and E.L. Andronikashvili

piles of discs J. Phys. (Moscow) 10 201 (1945)
Design by P.L. Kapitza
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Torsionally
oscillating
sphere
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U-Tube B’
Peried 0.94 sec.
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The variation with amplitude of the damping of
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Commercially produced piezoelectric oscillators, used as

frequency standards in watches (2'° Hz = 32 768 Hz at room
temperature)

especially gaseous He, He |, He Il and 3He-B
*Cheap, robust, widely available, easy to install and use,
extremely sensitive (Q = 10°— 106 in vacuum at low T)

Lancaster, Kosme
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An electron micrograph of the quartz tuning fork (a)
and details of its side (b) and top quartz surface.



Brass model fork for flow visualization

Courtesy of O. Kolosov,
Lancaster University

Middle sized fork, type U2, 8 kHz
Big fork, type U1, 4 kHz
Smallest commercially available fork, 32 kHz Torsional fork, 74 kHz




Osclillatory (laminar) boundary layer flow

velocity of fluid
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Oscillations of a submerged body in a viscous fluid

laminar flow

m)'c'+kx:
mx+F, +kx=0

amp

damping
mx+F,

amp
T
damping

Damping in a Newtonian viscous fluid:

F

damp

+ kx = FO COS(&)t) “— harmonic drive

=Amx+ 7/x “— viscous drag
T




Hydrodynamic mass enhancement
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Quartz fork as a generator and detector of turbulence

f (Hz)
32600 32610 32620 32630

T r r 17 T T 11 ™ 250
100 | 100
: 50 S
i 0o —
. 50
g 10 -100
1¢
0.1F .
32580 32600 32620 32640 32660

f (Hz)




10

Turbulent dﬁf’/-

10°




In a flow due to an oscillating object there is an important length scale:

2R

R

Laminar drag force = AU/ =627RU (14_%] - 6m7REU

R>>0

Turbulent drag force  F,,, = yU’ =0.5 C,mpoR*U"

A 6
Crossover UC - = C_«/zva) ~ 21\ vw
Y D
This gives about: 10 cm/s for a sphere of any size, oscillating at 200 Hz

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

velocity enhancement at the corner (L&L)



Critical velocity scaling:
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It is experimentally verified
(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
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Drag coefficient
measured with the quartz fork
vibrating at 32 kHz

4.2 K, 12.9 bar
4.2 K, 7.5 bar
4.2 K, 3.1 bar
4.2 K, 1.52 bar
2.16 K, SVP
2.14 K, SVP
2.06 K, SVP
1.93 K, SVP
1.87 K, SVP
1.75 K, SVP

1.64 K, SVP
1.58 K, SVP




(quasi)turbulent drag regime

Mathematical expression of these ideas is: _ _ _
Classical viscous fluids

S 1
CD = QCEE (wweVe)l/Q E + weﬁ; OD — 2(}5%\/&}_% -+ B

where U velocity amplitude

2
Te =T+ (1 —z)®(U - ch) (U _ UCS) : @(y) Heaviside step function

e+ (U—-Ugs)?’
( s) Ve  Eff. kin. visc. of fully coupled fluids

U - U a, B and ¢ constants

Ve = v+ (ve —v)®(U - UCS)E‘F(U—UCS)Z; V= nn/p

Detailed approach see Blazkova, Schmoranzer, Skrbek, Vinen: Phys. Rev. B79, 054522 (2009)




100 ¢

o
[
Q0
© 10
= X
o
o
(&)
(@)}
©
P
©
1t

e 42K15bar 7

Fork L2
32 kHz

2.16 KSVP
—2.06 KSVP
—1.89 KSVP
—1.74 KSVP
—1.61 KSVP
—1.42KSVP
—1.32 KSVP

100 £

drag coefficient

-
o

4.2 K, SVP
1.35 K, SVP




T T
a 4.2 K, 7.5 bar |

o 1.22 K, SVP
o 1.3 K, SWP E

Fork || F L T W D 0 q ¢
Q, 6 and € E mm mm mm mm
do not depend A || 32 371 0482 035 021 072 08 006
on temperature 35 06 046 018 06 03 005
G [ 32 250 05 010 013 036 042 007
U1 || 4 1970 220 080 026 052 0.4




f (Hz)

WS 32010 32025 32040 0S5 W00

—0.20

Vo (MUS)

o (NA)

0000

0 E
25000 -
20000 -
15000 .-"-‘"
10000 -
5000 Le
ol
0|

[ svp

15000 :
N0 3920 A

2,50

1245
1200
11.75
11,50
4125
41,00
40,75

0,50

¥ iz LT R DIEE
10,00

040 31960 31080 32000 32020

f(Hz)

Classical and quantum cavitation in liquid 4He

W (MfS)




Fork A1:

100

O
AAAA
IIIIIIIl

I l!lllll
>

Fork K1:

-2
o

L) !l!lll.l
000~ ===
ARNNN WOON
W00 x
AAAA

Q

0

S
1 IIIIIII

carr.

drag coefficient

/ G.A. Sheshin, A.A. Zadororohsko, E.A. Rudavskii,
& VK Chagovets, L. Skrbek, M. Blazkova:
Low Temperature Physics 34 (2008) 1111
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Fork K1 measured in Kharkov:
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Observed drag coefficients in classical fluids and superfluid “He

turbulent flow
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Professor Cenék Strouhal,
Charles University, Prague
Stokes number  Keulegan-Carpenter
number

KC:St:




Keulegan - Carpenter number
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bluff body made of a conducting material is placed inside the liquid (+)

-set of metal electrodes located usually at the walls of the tank (-)

*bias 10-15V — pH in the vicinity of the body changes, colour from orange to dark blue
-fairly precise way of studying flow patterns at low velocities of order 1 cm/s

«critical amplitudes for frequencies 2-11 Hz by recording the position of the cylinder’s
central shaft by a standard 25 Hz digital video camera

ecamera movies are processed by VideoMach software with suitable video filters providing

a series of monochromatic images, which are further processed by self-made software I

—




Solid steel sphere
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drag coefficient
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The quasiclassical description seems to work ....




Lancaster group unpublished fork data, courtesy of Rich Haley
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Different phenomenological expression is used

o 1 tofit the drag data (works well below 1K but
N -~ | poorly above it)
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Lancaster group of P.V.E. McClintock

Several grids used

over years
Recently quartz
tuning forks added
Experimental cell Top electrode
containing 1.5 litre of '
spectrally pure He Il, —— B ottom electrode
attached to the

dilution refrigerator
(base T about 10 mK)




: yi

desired pressure in the cell is highest TR 10Vpp.
established. After applying this “cleaning”
Irreproducible effects observed, procedure, all* observed effects
such as change_s In r:esonant found stable within time scale of
frequency and linewidth. days.

lower electrode voltage (mVpp)

lower electrode voltage (mVpp)

1 1
9979 998
frequency (Hz)

. . .
996.9 897 89971
frequency (Hz)




Two critical velocities, hysteresis and history dependent effects
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Standard 32 kHz fork, ultra-pure 4He, base temperature of the dilution fridge
(Lancaster, McClintock’s group, unpublished data)
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D.l. Bradley - S.N. Fisher - A.M. Guénault - R.P. Haley - V. Tsepelin - G.R. Pickett - K.L. Zaki:
The Transition to Turbulent Drag for a Cylinder Oscillating in Superfluid 4He:

A Comparison of Quantum and Classical Behavior J Low Temp Phys (2009) 154: 97
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L. Skrbek, W.F. Vinen: chapter 4 ,The Use of Vibrating Structures in the Study of
Quantum Turbulence®, Progress in Low Temp. Physics, Springer 2009
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Conclusions

A number of experiments has been performed over more that half a
Century displaying the transition from laminar to turbulent drag regime
in boundary layer flows due to oscillating submerged objects (discs,
spheres, wires, grids, tuning forks) in gaseous helium, He | and He II:

« Complementary experiments in classical fluids (mostly air and water)
exist and provide both qualitative (visualization) and quantitative data

 Experiments in He ll, in two fluid regime above about 1 K, in most cases
behave in a regular reproducible way, they display similarity with their
classical counterparts and, on a phenomenological level, seem to be
fairly well understood

* He ll experiments in the zero temperature limit, performed even with
“large” vibrating structure display additional features such as
intermittent switching, hysteresis, and possibly two critical velocities




