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Solitons of trapped waves on jet currents



Envelope solitons over real water
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FIG. 3. One wave pulse overtaking and passing through another

wave puls eff_hand trace: first pulse alone, wy=1.5 Hz,

| d1smtegrates info two solitons—H

of the two pulses.

Center trace: second
g-cycle pulse which
nd traces: interaction

[Yuen & Lake, 1975]
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Envelope solitons:
- Interact elastically;
- the asymptotic solution
of the Cauchy problem



Envelope solitons over real water

Another unsuccessful attempt
to reproduce an intense NLS
envelope soliton in a wave flume
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FIG. 3. One wave pul:
wave pulse. Left-hand
initial Geadye™ 0.01, s
pulse alone, w,=3 Hz,

disintegrates into two :
of the two pulses.
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Envelope solitons over real water

A successful reproduction of an intense NLS envelope soliton
In a wave flume
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Envelope solitons over real water

A successful attempt to reproduce an intense NLS envelope
soliton in a wave flume

Time series

gauges 2-10
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Envelope solitons over real water

A successful attempt to reproduce an intense NLS envelope
soliton in a wave flume

Time series

gauges 2-10

Snap-shot [Eulereqmumisimsy
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Envelope solitons over real water

A successful attempt to reproduce an intense NLS envelope
soliton in a wave flume

Time Series Snap-shot [Euleregnumisims|

gauges 2-10
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~‘Giant breathers’ of DyachenkorssZakharova2005)

Fig.5. Typical profile of breather




Envelope solitons over real water

A successful attempt to reproduce an intense NLS envelope
soliton in a wave flume

Time series

gauges 2-10

Snap-shot [Eulereqmumisims)

gauge 3 =======-- numerics

40 50

The initial condition (wave maker signal) -

was just the analytic NLS soliton!
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Envelope solitons over real water

3D: Transversally unstable (Zakharov & Rubenchik, 1974)
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Rogue waves in 3D seas

Modulated |ong-CrestetdANa/ES

1200

Fig. 6. Illustration of a short crested sea surface with a long crested sub-domain.

[Muller et al, 2005]
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Rogue waves in 3D seas

Waves trapped by a Jeticurrent

i \wave rays
Yo
current

modes

Reference to the talk by Prof. V. Shrira (Thursday)




Effectively 1D evolution

(OA .\ OA 82A O kO - NLSE for a single
a0 ax 8k2 x> AIAI trapped mode (weak
current assumption)

0/ 2
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-mode velocity  Q,(y)=a, —kJU >0

Yady
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- attenuation of nonlinearity (x <1)

kU

n 2| @y 0 _ _ -
dy? +4k l:\/gT% [ +\/9T<oﬂyn 0 BVP On. mo_des.

Sturm-Liouville problem




Effectively 1D evolution

Wave field composition

Surface elevation Three examples:
eigenfrequency 1) Regular wave
of the BVP
l 2) Modulated wave train
7= Re[A(x,1)Y, (y)exp (it —ikox)] |
A T 3) Solitary wave group
eigenfunction Simulated by means of
of the BVP current-modified HOSM
solver for Euler egs.

The current is ‘frozen’,
wave motions are potential.

solution of the NLSE




A uniform wave train

Euler eguations frameworK

Initial condition: transverse modulated Stokes wave

Current profile

fundamental mode Y, max 2 m/s)

steepness k,H/2 = 0.15
Cpn =10 m/s

1 duU

@ dy

~<0.008

Longitudinal wave-shape 0 00
(1 = 63 m) x



A uniform wave train

Euler eguations frameworK

after 370 wave periods

Current profile

fundamental mode Y,
. (max 2 m/s)

steepness k,H/2 = 0.15

Longitudinal wave-shape RS
(1 = 63 m) x



Modulated wave train-> Rogue wave

Euler eguations frameworK

Initial condition: 10 wave periods, 5% amplitude modulation

fundamental mode
steepness kyH/2 = 0.15



Modulated wave train-> Rogue wave

Euler eguations frameworK

105 wave periods

fundamental mode Rogue event

steepness kyH/2 = 0.15



Modulated wave train-> Rogue wave

Euler eguations frameworK

Coefficient which changes the time scale
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Solitons of trapped waves

Euler eguations frameworK

Initial condition: NLS envelope soliton

Current profile

fundamental mode
max 2 m/s)

steepness K A, = 0.119
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Solitons of trapped waves

Euler eguations frameworK

Initial condition: NLS envelope soliton

steepness K A, = 0.119

fundamental mode fifth mode




Solitons of trapped waves

Euler eguations frameworK

fundamental mode fifth mode

t = 0 (0000) t =0 (0000)




Solitons of trapped waves

Euler eguations frameworK

GbOUT 10 7-,7/
(~120 wave periods)
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Solitons of trapped waves

Mode decomposition: trappedimouESTANGNTIOE EXRITIPIIIGES

fundamental mode
steepness K A, = 0.119

other modes

Mode amplitudes

()= [ (%, y, D0V (y )y A . | .
0 500 1000 1500 2000

a,(t)~[[rax  [¥2(y)dy =1

No tendency to disintegrate!




Solitons of trapped waves

Mode decomposition: amplitid ENEC U EIFSHECTIEl

Wavenumber spectrum Frequency spectrum

waves
following 2°
the current

frequency, rad/s
o

waves —
opposite 0
to current




Solitons of trapped waves

Strongly nonlinear. Sims: efiWeakiynonINEarFSoI iGN

fundamental mode T

even steeper/shorter
wavegroup

Short 3D wave group
of intense waves

(KA., ~ 0.24) .
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mode amplitudes for more than 100 periods



Conclusions

e IS Ohserved within the primitive
Evlereguations#trameworks Modes of:nonlinear.trapped waves
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The effectively 1D model descrlbes the wave dynamlcs

=> than'in case of nen-trappedwaves.
== OF dangerous effectsis p055|ble

L PSSR S e pe e T g

OITAPPENWaVES are proved to existin thestrongly
NONIINEEESENGMIInEWESKIVnonImearapproach (and generalizations)

G2l prowde reasonable descrlptlon ofishort patterns of steep Waves.
A nonllnear WaVe phenomenon IS handled
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Photo from a presentation by D.H. Peregrine



