Luigi Cavaleri, Luciana Bertotti

What a sudden shower reveals
about wind wave generation

Rain on generative sea
or
are we sure the present physics is correct ?

(a discussion on something many people know)
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Interest in waves exploded in 1942
with WW2 (1944, Normandy)

At the time the concept was only that
of Hs, Tm, mean direction

Then in 1952 Pierson and Marks suggested
the idea of spectral analysis for sea waves

This opened the door to mathematicians who
could work out 'simple’ theories for wind
acting on a sinusoidal wave



Two theories proposed for wave generation
by wind, both in 1957:

Phillips — connected to turbulent wind
Miles — feed back between wind and wave,
the wave modifying the wind profile and
getting energy from the wind

Of course waves cannot grow indefinetely,
so a limit spectrum was conceived



This was rather artificial.
The general picture is that a wave field
receives energy from the wind and loses
energy by breaking (white-capping)

So in 1974 Hasselmann proposed
an analytical expression for white-capping



A general picture of the physical situation.

Wave growth is a delicate balance (small
difference) between two large quantities:
1) input by wind
2) loss by white-capping

When we look at an active wind sea,
90-95% of the momentum, energy passed
by wind to waves is rapidly lost by
white-capping, so wave growth is estimated as
a small difference between two large quantities



The problem is that we still do not have a
satisfactory theory of white-capping.

Because we assume to know well
the input by wind, white-capping has been
for a long while the tuning knob of the system



The last piece of information is
what is a wave model:

It Is a deterministic model
of statistical properties of the wave field
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wind speed (m/s)

wind speed ISMAR oceanographic tower
time: 12 November 2014 - 11.1-11.44 am

15 | | | I | I I |
| |
| |
| |
n | | n
| |
| |
| |
| |
10 I I =
|
|
| |
| |
| |
S | | =
| |
| |
| |
I | | —
| |
| |
| |
Q | | I | I | | |
12000 15000 18000

time (6000 units=10 min - each tick 1 min)



wave pressure (m)

wave pressure ISMAR oceanographic tower
time: 12 November 2014 - 11.1-11.44 am
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Hs on 12 November 2014
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wave conditions are a dynamical equilibrium
among the situation, wind input, dissipation
(NL on a longer time scale)

- wind is actively blowing (4-5 s wave, wind 9 m/s)

- if we cancel the dissipation, waves should grow
quickly

- this was not the case; Hs actually decreased

- conclusion: there was no input by wind
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The ‘footprint’ of a whale
(whales sweeping biomaterial to the sea surface)




Context

»Experiments in a wind wave-paddle tank at the FIO,
Qingdao (China)

*Wind fan + paddle
*Wave gauges (4)
Pitot tubes (5)
*Stereo system (WG-4)




Stereo wave imaging @ FIO

Frame 000049 - 10591209 points __http://www.dais.unive.it/wass

Frame 003756 - 2624729 points

http://www.dais.unive.it/wass
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Suppression of the wave energy

= WIND + OIL: No energy at all
frequencies (flat spectrum)

w06-exp5.datconv, oil-w06-exp1.datconv




Stress on the airflow

Distance (cm)

w06-*-pitot.DAT, 0il-w06-*-pitot.DAT
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Jason-2 Wave Height (m)
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Do good results imply a model is correct,
or, in other words:

are we sure the model physics is correct?
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Basic point:
under strong rain both white-capping and

input by wind disappear



Hs max (m)

Hs diff (m) - rain (cmm/h) - wind/10 (m/s) -

significant wave height - wind - rain
hurricane Nicole - 13-23 Oct. 2016
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Hs max (m)
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significant wave height - wind - rain

typhoons Sarika & Haima

13-23 Oct. 2016
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WAVE HEIGHT (ExpBOQégqgln) AT 2016 10.15 23 UT
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WAVE HEIGHT (ExpB09A) (m) AT 2016 10.21 04 UT
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significant wave height - wind - rain

typhoons Sarika & Haima
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Sin  Swc

Sin = Sin[1-rain/r1]

Sin = Sin[1-(rain/r1)*(U10/U1)]

Swc = Swc[1-(rain/r2)*(U10/U2)]

we have explored various ranges of values:
rl, r2 60-100 mmh-1
Ul, U2 60-80 ms-1
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Hs max (m)

- rain (cm/h) - wind/10 (m/s) -

Hs diff (m)
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Hs max (m)

- rain (cm/h) - wind/10 (m/s) -

Hs diff (m)
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Hs max (m)

Hs diff (m) - rain (cm/h) - wind/10 (m/s) -

significant wave height - wind - rain
typhoons Sarika & Haima - 13-23 Oct. 2016
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significant wave height - wind - rain
typhoons Sarika & Haima - 13-23 Oct. 2016
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Hs max (m)

Hs diff (m) - rain (cm/h) - wind/10 (m/s) -

significant wave height - wind - rain
typhoons Sarika & Haima - 13-23 Oct. 2016
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Hs max (m)

Hs diff (m) - rain (cm/h) - wind/10 (m/s) -

significant wave height - wind - rain
typhoons Sarika & Haima - 13-23 Oct. 2016
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Charles "Chip" Cox.
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Key Points:

« An 1883 sea rescue that used oil to
reduce breakers provides the basis for
a wave energy model

» We model responses to reduced wind
energy input; results consistent with
the rescue suggest that this reduced
input suppressed breakers

- A possible cause of this reduced
energy input is modified surface
roughness that alters energy flow

Supporting Information:
« Supporting Information S1
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Abstract Oil has been used to still stormy seas for centuries, but the mechanisms are poorly understood.
Here we examine the processes by using quantitative information from a remarkable 1883 sea rescue
where oil was used to reduce large breakers during a storm. Modeling of the oil film’s extent and waves under
the film suggests that large breakers were suppressed by a reduction of wind energy input. Modification
of surface roughness by the film is hypothesized to alter the wind profile above the sea and the energy flow.
The results are central to understanding air-sea momentum exchange, including its role in such processes as
cyclone growth and storm surge, although they address only one aspect of the complex problem of wind
interaction with the ocean surface.

1. Introduction



In summary:

the introduction of drastic changes (where it
rains) to Sin, Swc leads to potentially large
local differences
(not only on hurricanes and typhoons)

However, the overall statistics does not change
appreciably

Is a good statistics enough reason to claim that
a model is correct?






Let us conclude with something
interesting and amusing

You remember the 15 cm swell
with a long period ( about 17 s)
happened a few days ago



WAVE HEIGHT AT 2018.05.08 04 UT - Hs MAX 16.89
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WAVE HEIGHT AT 2018.05.08 06 UT - Hs MAX 16.77
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WAVE HEIGHT AT 2018.05.08 12 UT - Hs MAX 15.56
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WAVE HEIGHT AT 2018.05.08 21 UT - Hs MAX 13.92
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Second, something about Benjamin Franklin



"~ BENJAMIN FRANKLIN

One of the Founding Fathers of the United States, Franklin was
a leading author, politician, statesman and diplomat. He was also
‘an outstanding experimental scientist and during the 1760s
initiated his ‘oil on water’ experiments on the ponds of Clapham
Common, an important moment in the study of surface
chemistry.




Let us conclude with something
interesting and amusing

In the second half of 18° century Benjamin Franklin
poured a tea spoon of oil on the surface of
Clapham pond, a small lake just out of London



e MAYFAIR COVENT GARDEN
=
=
e z HydePark =, S Londra
= 2.
2 %
=
Q@ Royal Albert Hall ~—— © @ Big Ben @
KENSINGTON Buckingham Palace 0
Victoria and
= Albert Museum BELGRAVIA WESTMINSTER
N
x 2 v e=
%
& X ™ Galleria d'arte BAMBERN
‘H Saatchi Gallery
e e ,3,’1‘% 0 |
Ospedale A VAUXHALL &
* ) Royal Brompton Hospital N w
(R o Chelsea Physic Garden.  Battersea Power Station Q The
25 Stamford Bridge @ A & Q P 3
o
A33;4 o Y &d«\Q\ < >
-
% B ] Battersea Park %
% FULHAM ° 7 = S t?
2 &) 2
e = ? par® = i e
ol :
0 5305 5 &‘ e
Park g #3'0 < V. 3
7 S A ‘D?p g
- Q The Hurlingham Club P ) _
g A 4, © 02 Academy Brixton @
Orh " 2
&I &'9 R p,'j“:"b =6
BATTERSEA
Pup o CLAPHAM o
N % Parco
)

Clapham &Y L
;,'3” Common v 2
Parco

S
h









