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We study the potential flow of two-dimensional ideal incompressible fluid. The fluid
occupies a half-infinite domain

—o0o <y < nlz,t), —o0<x<o00.

The flow is potential, so that v = V®, ®|,_., ) = ¥(x,t). Boundary conditions
on the surface are standard. It is known that the shape of surface n(z,t) and the
potential on the surface v)(z,t) form a pair of canonically conjugated variables obeying
the Hamiltonian equations:

dn O0H oY _(5’H
ot 6’ ot on

Here H is Hamiltonian function, the total energy of the fluid.
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Hamiltonian

Y &
£ e l

L
Ay(a:, t) \}\—’dr’(a/,f)

1 PN
B =z / g+ phypdr — o /{(k't/-—’)z— (¢2)*}nd+

| [ A VTN
i 5/{@%3:7;2%9—}—@f’)k(nk:(nk:'z/)))}dw +...

g 0?
8=\ "2
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Normal variables (.

Wi % .- ./ 9 % /1
= g [ — . 2 Y = —q S e = {1 1, W = k‘
Nk 29 (CLA, = UJ_.A) Wi l 2wk (ak 1._1.,) k g

H=Ho+Hs+Hs+...

Ho = /wk:|ak|2

Hs = Hsz(ak,ay) — third power
Hy = Halay,a),) — fourth power
. , da O0H
ap satisfies the equation 4 i— =0
ot da;y

Russian-French Workshop " Mathematical hydrodynamics”, August 22-27, 2016, Novosibirsk, Russia 3
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ak:>bk

Canonical transformation excludes cubic terms. After transformation
by satisfies the equation:

’Z:i)k = wiby +/ Aqubklbk bk35k+’.]—ko—k3dk dkodks

Miracle #1
Tyt =0(kkykaks) Wi
In other words if k1, ko, ks >0, £ <0,= Tk2k3 = 0!

Russian-French Workshop " Mathematical hydrodynamics”, August 22-27, 2016, Novosibirsk, Russia 4
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Let all £; > 0. Then

(kklkgkg)zl[
47

kky __
Tk2k‘3 o

One more canonical transformation makes possible to replace

koks rkoks
To,” = gk,

1
g " 2
Top? o (kk12k2k3) min(k, k1, ko, k3)0(kkikaks).
719
= (lik‘lkglig)%

T2 = O(kkiksks) ——(k + iy + ki + ks —
— |k — ko| — |k — k3| — |k1 — ka| — [k1 — ks3])

Russian-French Workshop " Mathematical hydrodynamics”, August 22-27, 2016, Novosibirsk, Russia

[(A:kl)%+(k2k3)%] min(k, k1, kg, k3)0(kk1koks)



¢, = k20kby,

Oc + 0 [, 20c 4+ 0
a[‘—l-zwc—zP p (|(| C%) P ()T(L{c)

one can recognize two terms in the equation:

e nonlinear waves: e — LIADJ“O% (|C|2%) =

EXTREAME WAVES

o advection term: P*-2(l/c) = WAVE pre-BREAKING

U = K|c|? - advection velocity. |c|? - potential. P = 9(k).

Russian-French Workshop " Mathematical hydrodynamics”, August 22-27, 2016, Novosibirsk, Russia
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Breather is the localized solution of the following type:

C(.’L‘,t) I C(’l B Vt)e'i(ktoa:—wot) or cp = ez(Q—i—Vk)fp

where ¢} satisfies the equation:

L
(Q+ VE — wi) = 5 f 2R3 % DDy — kgp—kflhrdboallos

It can be found by Petviashvili method

NLp [< ¢" - NL(¢™) >]”
ntl : ' ‘ , M =Q+Vk — wy
Pk M, [ o - qu’" } ity E i
T (T T () n T
Vo) =~ (1P ) +ipt o (k (e) 67)
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Giant Breather
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Figure 1: |c(x)| (red curve)
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Breathers collision
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Figure 3:  Collision of two breathers. Free surface for
t =0,107,214, 321,428
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different times



Wave breaking

0.005 n T .

0.004 - . . i : Facen -
0.003 | o ‘ -
0.002 - . . g : O O NS S ot v ot oo Sn o) i -

0.001 f -

-0.001

-0.002 + : Sy -

-

-0.003 : :

Russian-French Workshop " Mathematical hydrodynamics”, August 22-27, 2016, Novosibirsk, Russia 11



