ROGUE WAVES IN OCEANIC TURBULENCE
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ATMOSPHERIC BOUNDARY LAYER & WIND-WAVE INTERACTION

STEREO-VIDEO IMAGERY & HOT-WIRE ANEMOMETRY EXPERIMENTS
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Figure 1.3 Jetfreys® ‘sheltering’ model of wave generation, Curved lines indicate air flow; short, straight
armows show water movement, which will be explained more fully in Section 1.2.1. The rear face of the
wave against which the wind blows experlences a higher pressure than the front face, which is
dehetediun the force of the wind. Arr eddies are formed in front of each wave, leading to differances

air pressure. The excesses and deficiencies Iu&smeares'w by plus and minus signs
respachvely The pressure difference pushes the wave along.
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ROGUE WAVES , HURRICANE WAVES , GIANT WAVES, FREAK WAVES
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DRAUPNER EVENT JANUARY 1995

Time History Recorded at Draupner Platform
on 01/01/95 15:20:09
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A freak wave in the central North Sea ?
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H_.=25.6m !

Extremely rare event
according to Gaussian model
Probability < 106 !

But they still occur in open
ocean !




ROGUE WAVES

Rare events of a normal population
or
typical events of a special population ?
(do we need new physics ?)

- OCEANIC TURBULENCE OF ZAKHARQV
-weak wave turbulence —
- NLS turbulence —

mmmm) Concept of STOCHASTIC WAVE GROUP
( my contribution )
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1.1 Turbulence and symmetries

1n Chapter 41 of his Lectures on Physics, devoted to hydrodynamics and
turbulence, Richard Feynman (1964) observes this:

Otten. people in some unjustified fear of physics say you cant write an equation
o life. Well, perhaps we can. As a matter of fact, we very possibly already have
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since Navier (1823):

m"};& )'P (fl 00 +v- Vo = Vp+ Ve (12)
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Yo (13)

TURBULE NCE It must be supplemented by initial and|boundary conditions (such as the

wanishing of v at rigid walls). We shalll come back later 1o the choice of

Uriel Frisch —tion
Quantum version of the ou 1 °u ]4”| 4=0
The Nonlinear Schrédinger (NLS) equation “or 2 &2
cousin
of 3
the Korteweg-de Vries Equation au u + ku a—uzo
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START WITH NAVIER-STOKES EQUATIONS TO
MODEL WAVE DYNAMICS ......
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... and by multiple scale perturbation method you get
tihe Zakharov model for WAVE TURBULENCE ...

Third order effects :

FOUR-WAVE RESONANCE ,7(5’ t) zi COS(Kn X+|p, (t)‘)
(WAVE TURBULENCE)
Quartet interaction

dB,

dt __lz I qBr Ko+, =k, +k,

pq.r

o ruaniiies H= S0, 8,080+ STy BOB BB
Wave action

Wave momentum A= Z B (1)B, () M= anBn (1)B, (¢)

Chaotic behavior of a sea of weakly dispersive nonlinear waves




... Moreover for narrow-band waves the Zakinarov equation
reduces to...

2 3
i8u+£82+k{u‘2u=0 8_u+8_L;+ku8_u:O
ot 20& ot o0& g
In deep water (NLS) In shalllow water (KdV)

Exact analytical solutions via the Inverse ] _
Scattering Transform Technique ! chaotic behavior due to

nonlinear interaction of waves
and solitons

NLS solitons and KdV Cnoidal waves
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LINEAR WAVES : GAUSSIAN SEAS

N
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(surface waves)




NECESSARY AND SUFFICIENT CONDITIONS
FOR THE OCCURRENCE OF A HIGH WAVE IN TIME*

T*+o(H)

crtr
*:

*Theory of quasi-determinism, Boccotti P. Wave Mechanics 2000 Elsevier



What happens in the neighborhood of a point x, if a large crest
followed by large trough are recorded in time at X, ?

What is the probability that
n(X,+X,t,+7) e(u,u+a’u)

conditioned to

n(Xght,)=HI2, n(Xg,ty,+T,)=—H/[2 ?

H
h=——>w
o

ln(xo,t6)=hj=n¥ +A

Y SPACE-TIME covariance
A random residual, %~ Rayleigh variable

stochastic wave group
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NONLINEAR RANDOM SEAS

Second order effects: BOUND WAVES

LINEAR TERM
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LINEAR & NON-LINEAR TERMS
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Crest—trough asymmetry : skewness>0

Wave height almost linear

Effects on Short time scale : wave period

Third order effects :FOUR-WAVE RESONANCE

¢ WA
Cw\/\/\w

Crest-trough symmetry : kurtosis>3

Benjamin-Feir Index BFl=steepness/bandwitdh
Modulation instability: Fermi Ulam-Pasta recurrence

Effects on slow time scale : wave period/steepness”™2

DOMINANT ONLY IN
UNIDIRECTIONAL NARROW-BAND SEAS !



Weak turbulence* M =1, + f(n,) f(e) nonlinear
o) ofe)]

Linear conditional process

(Gaussian group) {m\n(xo Lo ) = h1}= 'Y+ A

Nonlinear Conditional process

{n‘n(xo ' to): h}: {n\m(xo ’ to): hi}

|

Non-Gaussian group {n‘nl(XO’tO): h’l}: hY +A+f(h1‘{1 +A)

* Fedele F. 2008. Rogue waves in oceanic turbulence Physica D ( in press)



Probability of exceedance for crests:
the generalized Tayfun distribution

Pr(crestheight> Z) = exp[—
/

D st

(L Tr2*Z )] [1+% (2872 18)]

Tayfun distribution

SECOND ORDER EFFECTS + THIRD ORDER EFFECTS
non-resonant interactions resonant interactions

U=steepness BFI=Benjamin-Feir Index

P[Z]= number of waves with crest greater than Z

total number of waves

/\/\/\AMAAAN/\/\/\A/

(VAAVARVARVER S VAV AV VAV

{




WAVE FLUME DATA COMPARISONS™

10 pre : : —
. + Cmorato et al. {2005)

%, Generalized Tayfun 1
Wave tank experiments: 'k 1

unidirectional narrow-band seas ( Onorato et all. 2005)

unrealistic ocean conditions

THIRD ORDER + SECOND ORDER EFFECTS : Tayfun

BOTH DOMINANT [
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Benjamin-Feir Index BFI=1.4
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Steepness u=0.075

WHAT ABOUT REALISTIC OCEANIC CONDITIONS ?

* Fedele F. 2008. Rogue waves in oceanic turbulence Physica D ( in press)



wave spectrum S (k)

VARIATIONAL WAVE ACQUISITION STEREO SYSTEM

P o T

—= data
ol T Gaussian model
New model

probability density p(n)

A [meters)
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OCEANIC DATA (collected at Tern platform in North Sea)
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exceedance probability

OCEANIC DATA (collected at Tern platform in North Sea)

4,876 waves
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CONCLUSIONS:

eIn oceanic turbulence second order non-resonant interactions appear
dominant

eFor special wave conditions (undirectional waves in wave flumes) third
order resonant interactions are also dominant

e|n open ocean rouge waves appear to be simply rare events of normal
populations !

ANY QUESTIONS ?
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