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What	
  a	
  sudden	
  shower	
  reveals	
   
about	
  wind	
  wave	
  genera3on 

 

Rain	
  on	
  genera3ve	
  sea 

or 
are	
  we	
  sure	
  the	
  present	
  physics	
  is	
  correct	
  ? 

 

(a	
  discussion	
  on	
  something	
  many	
  people	
  know) 
 
 





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 

























wave	
  condi=ons	
  are	
  a	
  dynamical	
  equilibrium	
   
among	
  the	
  situa=on,	
  wind	
  input,	
  dissipa=on 

(NL	
  on	
  a	
  longer	
  =me	
  scale) 

-­‐	
  wind	
  is	
  ac=vely	
  blowing	
  (4-­‐5	
  s	
  wave,	
  wind	
  9	
  m/s) 

-­‐	
  if	
  we	
  cancel	
  the	
  dissipa=on,	
  waves	
  should	
  grow	
  
quickly 

-­‐	
  this	
  was	
  not	
  the	
  case;	
  Hs	
  actually	
  decreased 

-­‐	
  conclusion:	
  there	
  was	
  no	
  input	
  by	
  wind 



rain 

Hs 

U10 



The	
  ‘footprint’	
  of	
  a	
  whale 
(whales	
  sweeping	
  biomaterial	
  to	
  the	
  sea	
  surface) 



Context 
 

Ø 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 
 
 
 
 
 
 
 
 
 
 
 
 



Suppression	
  of	
  the	
  wave	
  energy 
 
 
 
 
 
 
 
 
 

èWIND	
  +	
  OIL:	
  No	
  energy	
  at	
  all	
  
frequencies	
  (Olat	
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Stress	
  on	
  the	
  air:low 
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clean (u* = 0.29 m/s, = = 0.100 N/m2)

oil (u* = 0.09 m/s, = = 0.010 N/m2)





Do	
  good	
  results	
  imply	
  a	
  model	
  is	
  correct, 
 

or,	
  in	
  other	
  words: 
 

are	
  we	
  sure	
  the	
  model	
  physics	
  is	
  correct? 



 
 
 
 
 
 
 

                  

shoot	
  please 



Basic	
  point: 
 

under	
  strong	
  rain	
  both	
  white-­‐capping	
  and 
 

input	
  by	
  wind	
  disappear 













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: 
r1,	
  r2	
  	
  	
  	
  60-­‐100	
  mmh-­‐1 

U1,	
  U2	
  	
  	
  	
  60-­‐80	
  ms-­‐1 

























In	
  summary: 
 

the	
  introduc=on	
  of	
  dras=c	
  changes	
  (where	
  it	
   
rains)	
  to	
  Sin,	
  Swc	
  leads	
  to	
  poten=ally	
  large	
   

local	
  differences 

(not	
  only	
  on	
  hurricanes	
  and	
  typhoons) 
 

However,	
  the	
  overall	
  sta=s=cs	
  does	
  not	
  change	
   
appreciably 

 

Is	
  a	
  good	
  sta=s=cs	
  enough	
  reason	
  to	
  claim	
  that 
a	
  model	
  is	
  correct? 



 
 
 
 
 
 
 

                  



Let	
  us	
  conclude	
  with	
  something 

interes=ng	
  and	
  amusing 
 
 

You	
  remember	
  the	
  15	
  cm	
  swell	
   
with	
  a	
  long	
  period	
  (	
  about	
  17	
  s)	
   

happened	
  a	
  few	
  days	
  ago 











Second,	
  something	
  about	
  Benjamin	
  Franklin 





Let	
  us	
  conclude	
  with	
  something 

interes=ng	
  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 







Ques3ons	
  ? 


