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ﬁ-\coustic turbulence \

Nonlinear waves (acoustic turbulence)

N o wvw=—tav Where dimensionless acoustic

ot Re, Reynolds’s coefficient is Re - &Vnoh

ratio of nonlinear and viscous effects. T

Second sound waves in SF helium — Burgers
turbulence

w~K

2
96T + uoo(1l + adT) 26T = u%(ST

\_ /
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Experimental studies of one dimensional
nonlinear second sound waves in the

cylindrical cell
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Energy transfer in k-space
over scales

Kolmogorov,

. INERTIAL | . Obukhov, 1941,
: RANGE -

Ek~km ;

In the inertial range

Log E,

Ek~km

Energy flux
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Mixing of resonance frequencies

e We applied two harmonic frequencies corresponding
two different resonances:

R32 (5V) and R 11 (2V) (R11 signal didn’t format
cascade)

We observed mixing respond of system:
R11

R32-R11 R32 R32+R1l

2*R32-R11 2*R32 2*R32+R11

The initial cascade suppressed by small second
frequency.

Laboratory of Quantum
Crystals 5



| 5V 1584Hz + 2V 543Hz
I R32+R11

Alw ~a"

15

Amplitude

R32+R11

1000
| | |‘| Frequency (Hz)

We applied f;=3168 Hz (32 Resonance), and got the cascade A(w)~w=%2 (green

line)
then we add second frequency f,=1084 Hz (11 Resonance) and observed
combinational frequencies and cascade suppression A(w)~w=21> (red line)



ﬁ(inetic turbulence \

The Navier-Stokes equations are a set of equations that
describe the motion of fluid substances with dissipation

p[g + (W)v} — VP + 1AV + (& + %) grad divv

For incompressible fluid the equations change to

@+(\7V)\7=—£VP+0A\7 divv =0
ot P

- where u=n/p coefficient of kinematical viscosity
Transformation the equations into dimensionless form we got
Reynolds equations, @+(\7V)\7 _ P+ Ay
where VL is Reynolds number — R

\ Y measure of ratio of inertial/viscous forces /
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Wave interaction in dispersion medium °
P

k, The dispersion relation m~ks

K Y<Decav (positive) dispersion (s>1)
k=k ok k 2 Capillary waves on the

K2 = liquid surface w~k3/>
O R O A<0.5 cm

Non-decay (negative) dispersion

K K2 (s<1)
kK+k,=k,+k
1 = 2 g
/ - 0t+tm®; =M,1m5 0
k1 3 . Capillary waves -
Gravitational waves ol
w~k1/2 }\‘>5 cm 30 Ti=d %' o i
20 Gravitational waves
S o~k
w’ = (gk+=k’)tanh(kh)
r 0

T T d T T T T T T T
0 20 40 60 80 100
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Dispersion ratios for gravitationa%

surface waves
We launch flat harmonic wave with single frequency ® W= \/&
Quasi-one dimensional situation
For deep water C,= ‘/ g =9 [
k=k,+k,, 2 L2
W=mW,T0,
K+k,=k,+k,

0+m; =0,+m,

W = gh{1+(KA)’]

SCT-VII, Zakharov-75, 07 August 2014 9



W = gk[1+(KA)]

100
| —

/

There are some special points: .

Change of concavity 60 ] ol

The conservation law of
energy and pulses are
allowed 1-D three waves
interaction

d>w/dk*=0 A*k>0.2 A/1>0.03

O=0,+0,, 2 0=2*w, and k=k +k, > k=2"k

1

A*k>1/2 A/A>o0.11

SCT-VII, Zakharov-75, 07 August 2014 10



Cross-section of Ocean Basin

OCEAN BASIN

TOWING TANK

Sensors,

results and so on.
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MARINTEK Ocean Basm Wave Makers

Multi-flap

wave maker

BS

80 m

Double-flap
wave maker
BM2

OCEAN BASIN
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Experiments May-June

%/
e SENSOT

e
- -
i \,-"
i £l
.

»

| o o " Common 2
sensor : v . . |
| SCT Vil Zakharon view of basin

August.2014 3




MULTIFLAP WAVEMAKER (BM3)

Fy
01_4 01_5 01_1‘.? 01_2 01 6 01_7
70,200 175200 1020y 16(5-20) 10(10,20)
01_3
L=0.4 m 02 2(0.-15)
24.8m
03 3(0.-10)
4 40.5)
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X 05 y B2
g L " SRPTRETRVT IR, - S sy s o sa s s o RS
+ A Siw,m wavemaker)
i
06 GI{D,E}
07-7 | 19-26  °7-5|carriage
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|
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09 'E;hn,zm
’1 34.6m =
Y |
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Distance from paddles (and from

- axe of basin)

wave_o1_1 (- 0.2 m), wave_o1_2 (+ 0.2 m) L=4.7 m from paddles

wave_o1_4 (-10 m), wave_o1_5 (-5 m), wave_o1_6 (+5 m), wave_o1_7 (+10 m)

L=4.8 m
wave_o1_3 (o m) L=5.0m
wave_o02 (o m) [=9.8 m
wave_o03 (o m) L=14.8 m
wave_o4 (o m) [=19.8 m
wave_o05_1 (-0.2 m) and wave_o5_2 (+0.2 m) L=24.7m
wave_o05_3 (o m) L=25 m
wave_06 (o m) [=29.8 m
wave_07_2 (o m) L=34.3m
wave_o07_6 (-0.4 m) and wave_o07_3 (+0.4 m) L=34.6 m
wave_o7_7 (-5 m), wave_o7_C (o m), wave_o7_8 (+5 m) [=34.8 m
wave_o07_5 (-0.3 m) and wave_o07_4 (+0.3 m) L=35.2m
wave_o8 (o m) L=39.8 m
wave_o9 (o m) L=44.8 m
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Ir ]

! wa i s i

Filling of basin =bottom is sinking

< -
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_ Physical parameters of the sensors

The sensor records phase motion of the waves.

Deep water (A<D) in our case A<3 m, k=2m/A>2 m
Phase velocity for deep water is

vy -3 Ul i
Ph —
w 2,0 K

Wavelength must be A>0.05 m
L~2.5 cm, so A>2*L and

k <120 m
Spectrum in our case is and real frequency is
0.7Hz<f<5.5 Hz
- V max f; of sensors = 200 Hz
2:0 fo>> real f

t= L / VPh= L* Zg-(['ll\(l&a;;[;)oés, 07 August 2014



The set of regular wave'experiments
(qua5| -one dimensional waves, angle =90 ©°)

Frequency dependence.
A=0.068m, T=1S, T=1.05 S, T=1.1S

Frequency and amplitude dependences. A=0.2m, t=1s5,
T=1.67 s; A=0.15 m, t=2.22 S; A=0.12m, T=2.5 S

Amplitude dependence. A=0.068m, t=15; A=0.2 m, T=1.S
Sum of two harmonic waves
A=0.2m, T=1.67 S + A=0.12 1M, T=2.55
Sum of three harmonic waves.
A=0.2m, 1=1.67s + A=0.15m, T=2.22S

+ A=0.12m, T=2.5 S

SCT-VII, Zakharov-75, 07 August 2014 18



. L.W.Schwartz, Strong Wf
wn | I n e a r WaveS\ Ann. Rev. Fluid Mech.;14,39-60, 1982
=

0.04

- 0.03 /\
\>Q
T
=~ 002
0.01
0.00 4—= / : : : : : —
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
H/A
Set of our measurements was next:
Test H, m t, I, m H/A
6190 0.2 1 1.56 0.128
6200 0.2 1.67 4.35 0.046
6500 0.068 1 1.56 0.044
6210 0.15 ) 7.69 0.0195
6220 0.12 2.5 9.75 0.0123

SCT-VII, Zakharov-75, 07 August 2014 19



SPECTROGRAM WAVE-07-
SPECTROGRANM 3 I
III‘]O-"n__ = & " - 50:"' |~ ]
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wave shape with distance
fS;Eft_-T??(';RiMTI?TW R— 5 m

SPECTROGRAM WAVE-05-1

SPECTROGRAM WAVE-07-3

— TR

oL.n
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Change of harmonic wave with time ———

> , SPECTROGRAM WAVE-01-
~— o The wave formation 10 p — =

-

(first row of sensors) ~ 5@ ~ "

I[nitial we had .

harmonic wave /e—oa

Latter — appear a set of
multiple harmonics

What is the reason of -
this transformation?

Time (s)
0.04' | W Tl
0.02 .
< 0 :
-0.02 -
-0.04 ; : 0 B

200 205 210 215 220
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Test 6210
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L=5m
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6220, 1=2.5s A=0.12 m
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0.1 3
] Bigin of process
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< -
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0

Test 6210 A=0.15 m, 1=2.22 S

A/A=0.0195

Test 6220 A=0.12 m, T=2.5 S

A/\=0.0123

SCT-VII, Zakharov-75, 07 August 2014 23



Sigral spectrum test6190-"WANE-09 &=0.2
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_ Reflection  «1 °

Amplitude, Mean and

St deviation
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onhic waveformat a wide
/ | °
spectrum of frequencies?

* Nonlinear effects — different wave frequency and its
velocity, which interact.

* Intei

Paddle
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Experimental teame

~TLancaster University, Lancaster, UK

Marintek Ocean Wave Basin, Trondheim, Norway
* Peter McClintock

* Suzy llic

® James Luxmoor e '
* Carl Stansberg
* Ivar Nygaard

* (Csaba Pakozdi
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Thank you for your
attention!
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Figurel Dimensionless wave s
height for deep-water progressiv

STRONGLY NONL
WAVES °

L. W. Schwartz

Exxon Research and Engineering Company,

Ann. Rev. Fluid Mech.

0 002 004 006 008 01 0.12 0.14 0.16
H/I

SCT-VII, Zakharov-75, 07 August 2014



{
_
|

.ff _}.

DU
imo ;44 \

o
. A\ r3

Al :.:..?Eﬁé.ﬁ_..a LAY

©
=
S
O
Z
=
O
c
O
&
O]
-
T
&
‘n
(©
O

[1m]

"|,||

“2
vil

23 may 2012
1 Hz, A=0.068 cm

L=25 m, regular wave,
3

1=




y T

Sighal spectrum testE190-WaAYE-09 A=0.2
_EI:I I I 1 I I I I I I

WAVE '

Arnplity de [k, Linitz]

-100

-110

-120

-130 | | I | | | ! ! !
0 1 2 3 4 a b ¥ g 9 10

Frequancy [HZ]

SCT-VII, Zakharov-75, 07 August 2014 35



808 o
0.1 -
« 0.05-

=005

015~
000.1 =
« O.
0 o
-0.05;
220

SCT-VII, Zakharov-75, 07 August 2014

A plity de [Arb. hitz)

-100

-1110

-120

-130

e

Signal spectrum test6 130 - WAYE-D1-1 4=0.2

ra -

Frequancy [HZ]



. L.W.Schwartz, Strong Wf
wn | I n e a r WaveS\ Ann. Rev. Fluid Mech.;14,39-60, 1982
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Set of our measurements was next:
Test H, m t, I, m H/A
6190 0.2 1 1.56 0.128
6200 0.2 1.67 4.35 0.046
6500 0.068 1 1.56 0.044
6210 0.15 ) 7.69 0.0195
6220 0.12 2.5 9.75 0.0123
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Complex singularity of a Stokes wave.
S.A. Dyachenko, P.M. Lushnikov, A.O. Korotkevieh——

e

_soth of June, 2014, Scientific Council at Landau ITP

c=v(H)/v,
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