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1. Introduction

It is n o t y e t u n d e rs to o d  w h e th er th e  com bined  effect of h ig h er o rd e r  n o n lin ea rity , sh o rt c rested n ess a n d  finite  
w a te r  d e p th  m ay  h av e  a sign ifican t effect on  th e  s ta tistica l p ro p e rtie s  o f su rface  g rav ity  w aves. In  d e e p  w a ter, the  
d y n am ics of su rface  g rav ity  w av es  is d o m in a ted  by the in stab ility  of w av e  packets to  s id e  b an d  p e rtu rb a tio n s.

T his m ech an ism , w h ich  is a n o n lin ea r th ird  o rd e r  in w av e  s teep n ess effect, can  lead  to  a p a rticu la rly  stro n g  
focusing  of w av e  en erg y , w h ich  in tu rn  re su lts  in  th e  fo rm atio n  of w av es  of v e ry  large  a m p litu d e  a lso  k n o w n  as 
freak  o r ro g u e  w av es  (Janssen 2003). In w a te r  o f finite  d e p th , h o w ev er, th e  in te rac tion  b e tw een  w av es a n d  the 
ocean  floor in d u ces  a m ean  cu rren t. T his su b trac ts  en erg y  from  w av e  instab ility  a n d  cau ses it  to  cease  fo r re la tive  
w a te r  d e p th  kh = 1.36, w h e re  k  is th e  w a v en u m b e r a n d  h  th e  w a te r  d e p th  (Janssen -  O no ra to , 2007). A se ries of 
ex p erim en ts  in th e  M ARINTEK O cean  Basin a re  p lan n e d  in th e  su m m e r o f 2012. T he ex p erim en ts w ill focus on 
th e  n o n lin ea r e v o lu tio n  of irreg u la r w av e  fie ld s in  w a te r  of a rb itra ry  d e p th . C oncu rren tly , n u m erica l ex p erim en ts  
w ill be  p e rfo rm ed  so lv in g  th e  E u ler eq u a tio n  o f m o tio n  w ith  th e  H ig h er O rd e r  S pectra l M eth o d  (HOSM ) (W est e t 
al. 1987) an d  a confo rm ai m ap p in g  tech n iq u e  (C halikov  a n d  Shein in  2005).

S tatistical p ro p e rtie s  of th e  w a te r  su rface  (nam ely , th e  sk ew n ess a n d  k u rto sis) fro m  th e  labo ra to ry  
m easu rem en ts  a n d  n u m erica l sim u la tio n s w ill be  co m p ared .

2. Experiment in the MARINTEK Ocean basin

E xp erim en ts  to  s tu d y  th e  sta tistica l p ro p e rtie s  of w a te r  surfaces e levation  h av e  a lread y  been  c arried  o u t in 
d iffe ren t labo ra to ries  (e.g. a t  th e  U n iv ersity  of T okyo a n d  a t th e  M A RINTEK O cean  Basin a m o n g s t o thers), b u t 
m ost, if n o t all, of th ese  ex p erim en ts  w ere  p e rfo rm e d  in  d eep  w a te r  cond itions. It is n o w  w ell accep ted  that 
m o d u la tio n a l instab ility , k n o w n  as o n e  of th e  m ain  m ech an ism s fo r th e  fo rm atio n  of ex trem e  w av es  w h en  
d ea lin g  w ith  ra n d o m  an d  long-crested  d eep  w a te r  w av es , is q u en ch ed  w h e n  shortc rested  w av es  are considered  
(O n o ra to  e t al, 2008).

T h e  m ain  m o tiv a tio n  to  carry  o u t a  n e w  se t o f  m easu rem en ts  a t  th e  M A RINTEK O cean  B asin is to  
u n d e rs ta n d  w h e th er, an d  fo r w h ich  re la tiv e  w a te r  d e p th s , n o n lin ea rity  o f o rd e rs  h ig h e r  th an  th ird  is statistically  
s ig n ifican t an d  to  v a lid a te  th e  resu lts  of nu m erica l sim ula tions.

3. Numerical model

S im u la tio n s of th e  sea su rface  e levation  w ill be  p e rfo rm e d  so lv in g  th e  E uler eq u atio n  of m o tio n  w ith  tw o  
d iffe ren t m ethods: H O SM  a p p ro ach  by W est e t al. (1987) an d  a conform a! m ap p in g  tech n iq u e  p ro p o se d  by 
C h alikov  an d  Shein in  (2005).

T he H O SM  m eth o d  h as a lread y  b een  successfu lly  a p p lied  in d eep  an d  in te rm ed ia te  w a te r  co n d itio n s fo r the 
execu tion  of a large  n u m b er of sim u la tio n s of th e  ra n d o m  see su rfaces (Toffoli e t al, 2008, 2009). T he m eth o d  is 
b a sed  on  th e  ex p an sio n  of th e  vertical velocity  a b o u t th e  free  su rface  u n d e r  th e  a ssu m p tio n  of w eak  nonlinearity . 
Its  a d v an tag e  is in  a llo w in g  th e  activation  o r  d eac tiv a tio n  o f d iffe ren t o rd e rs  of nonlinearity . T he conform a! 
m a p p in g  m eth o d , on  th e  o th er h a n d , enab les  tran s fo rm in g  a com plex  physical reg io n  b o u n d e d  by  a w a v e  surface 
to  a re g u la r  co m p u ta tio n a l dom ain , w h e re  a sp ec tra l co m p u ta tio n a l schem e can  be  efficiently  ap p lied . The
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ad v an tag e  of th is  m e th o d  is th a t it h a n d le s  fu lly  n o n lin e a r c o m p u ta tio n s. T ests w ith  a d irec tio n a l w av e  sp ec tru m  
co n sisten t w ith  th e  lab o ra to ry  ex p erim en ts  w ill be perfo rm ed .

4. Comparing statistical properties of the water surface

T he sta tistica l a n a ly sis  of bo th  n u m erica l a n d  lab o ra to ry  d a ta  w ill be b ased  on  th e  e stim a tio n  of th e  density  
func tion  of th e  su rface  e levation  a n d  its th ird  an d  fo u rth  sta tistica l m o m en ts  i.e. sk ew n ess  a n d  kurtosis.

T he re su ltin g  p a ram e te rs  v a lu e s  w ill be  co m p ared .

5. Conclusion

A  n u m b er of ph y sica l ex p erim en ts  a re  to  be c a rried  o u t a t  the M arin tek  O cean  B asin facility  to look  a t  the  
s ta tistical p ro p e rtie s  of d irec tio n a l w av es  in  lim ited  w a te r  d ep th .

A  n u m erica l m o d el b a sed  o n  th e  H O SM  m eth o d  h as been a d a p te d  so  th a t it  c an  s im u la te  w av e  e v o lu tio n  up  
to fifth  o rd e r  o f n o n lin ea rity  o n  th e  o n e  h a n d  a n d  in  lim ited  w a te r  d e p th  o n  th e  o th er h a n d . F irst re su lts  of the 
co m p ariso n  b e tw een  th e  phy sica l a n d  th e  n u m erica l ex p erim en ts  w ill be  p re sen te d  d u r in g  th e  conference.
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