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260 \ \" i tvc l rc iglr t  t l istr i l r rr t iorr  a, t  gi lgcs 13 - 24 f i r l  fcsl  20, 'sol i r l

l i r rc '  I lavkr igh t i istr i lxr t ion (r 'arxlorrr .  u.ar.c tcsts) .  27i l
2(; i  \ \ r ; rvc hr: ig lr t  r l istr i lnt iorr  a, t  ga,gt:s 25 -  36 I i ; r '  I t rs l  20, 

'sol i<l

lirrc' Rtrvlcigh rlistribution (r'anrkrrn \virvc tests) . 276
'26'2 .Joint u,ar,e height ancl  pcr ior l  r l istr ibrr t ion:r t ,  gagcs 1- 12 for

'ftrst, 
l, (ranrk;nr \vil\ie tests) . 278



'26:3 .Joint ura,r,r,r hcight nrrcl perriocl rlist,rilxrtion at gages ll3 -'24 I'or
Tcst 1. (r'trtrrlonr u'ilve tests)

264 ,Joint rva,vc ht:ight nncl periorl distrilntiorr :rt g:rges 25 - 36 ftrr
279

280

281

282

290

'291

292

29:l

294

.)0 -,

296

297

Terst, 1, (r'unrkrrn r'r'rlver tcsts)

'267 . loirr1,  u,avc Iu ' ight ; rnr l  l rcr ior l  r l istr i l r rr t ion at girgcs 2ir  -  i ]6 lor '
Ttrst  2.  (rar i rkxrr u,ar.c t ,csts) .  283

268 . loirr t  u, i tvc hciglr t  atrr l  pt :r ' ior l  t l ist l i lnt iorr  at ,  girg()s I  -  L2 l i r r
- [ i ' s l  

: t .  ( t i t t r r l , ) n t  \ \ ' i l \ ' ( '  t c s l s )

'2( i i t  ,Jui tr t  u,avr:  heiglr t  i lnr l  pcr ior l  r l istr i l l r t iorr  at  gagos 1- 12 for
Tcst 2, (riltrrkrrrr lr'arrc t,csts)

'266 .Joirrt lr,in'c lrciglrt arr<l lrcriorl rlislril lrtiorr at ga,gcs l l i 24 t'ot'
' l i 'st 2. (r'itrrrlonr u'avc tcsts)

'27;t  . lo irr t  u, ;n 'c hcighl a,ur l  pcr ior l  r l istr i lnt iorr  l t  gagr:s 1:: t  -  24 { i rr
' l - r ' s l  

. r .  ( t ; r t t , l , ) 1 i l  \ \ ' i l \ ' ( '  l t ' s l s )

276 . loi t r l  ura,r , 'c hcight,  iLrrr l  pct ior l  r l istr iJnt iorr  at  gagos 25 -: i6 l i r r '
Tirst  5.  (ratrr lorn u'ar,r '  tcsts)

)TT . lo i r r l  n i l r ,< r  l rc ig l r t  a r r r l  l re r io< l  r l i s t r i l l r l , i on  i r t ,  ga .gcs  I  -  12  f i r r
Tcst  ( j .  ( t i l t t<kr tn u ' rn.c  t ,csts)

278 .Joint u 'aver ht: ighl  a,nci  pel iocl  r l ist , r ' i l l r t i< irr  i r t  girgcs Ll l  -  '24l '<t

Tcs t  [ i .  ( t  i r t r r  l ,  ] n l  \ \ ' i l v ( '  t c s t  s )
'279 ,Joint u,ar.c height anrl pcl iocl r l istr i l l r t iorr ut gagcs 25 - 36 f irr

' fcst 
6. (r'irrrckrnr r,vinc tr:sts)

280 ,Joitrt  u,avc ht: iglrt  arrr l  periorl  r l istr ibrrt iorr at gagcs I - 12 { irr
Ti:st 7. (ra,nrlclrn r,r,a,vtr tcsts)

281 .Joint u'ave hciglrt antl pcriorl rlistli lntiorr at gages 13 - 2r1 lix

269 .Joint,  rvavc hciglr t  :nrr l  pcr ior l  r l istr i l l r t iorr  a, t  ga,gcs l i3 '24 ful
f c s l  ; i .  ( t i r r r r l t , r r r  u ' i r v c  l t ' s l s )

'270 . lo irr t  l l 'avc l rc iglr t .  anr l  pcr ir i r l  r l is l , r ' i lnt iorr  at  g;rgcs 25 f i6 l i r r
' I i rs l  i l .  ( r i rnrkrrrr  u,arrc lcst,s)

'271  .Jo in t  l r ,avc  hc ig l r l ,  r r , r r r l  pc r io r l  < l i s t l i l r r r t ion  a t  g i rg ( )s  1 -  12  l i r r
li:st .1. (r'arrr[orrr u,a,r'c tcst,s)

27'2 .Joiu1 u, i t 'u ' t '  hciglr t ,  i r t rr l  l rct io<l  r l ist l i l l r t iou a,t  gagcs 1.J -  24 I i r r
' l 'cst  .1.  (r ' i l r rr lorrr  u, ;rvc t ,csts)

'273 . loir t t  u ' i tve l tc ighl  atul  l rct i r i t l  <l ist l i l l r t ion;r f ,  gagcs 2l-r  -  j '16 [ i l
l -cst 4,  (rarrrkrrn l r ,avc l<rsts) .  289

'27' t  .Joirr t  u, tn 'c hcigir t ,  arrr l  pcr io<l r l ist , r i l l r t , iorr  at ,  g?t l los 1- l2 f i t r '
T c s l  . r .  ( t i r t r , l , ) l n  \ \ ' i l \ ' ( '  t ( ' s l s )

'284

285

286

'287

288

Test 7. (t:rurlont lr,rrtc tcsts)
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282 .Joint u'avr: hciglrt anrl pr:riocl distli l lrtitxr at ga,ges 25 - 36 for
Ttrst, 7, (rarrdom lvat.c tr:sts)

283 .Joiul, u'ar,r hciglrt a,rrr l  periorl  <l istr ibrr l , iorr l t  gagos I - 12 f irr
Tt:st 8. (r'arr<krrrr u,a,r'c tcsts)

28-1 .Joi t t t  u ' i tvc ht ' ight iurr i  pr:r ' ior l  r i ist l i l l r t iorr  l , t  gagcs 1.1- ' )4Iot '
Test 8. (r'arrrklrn u,avc t,csts)

285 .Joi tr t  lv: tvt '  hcight i lnr l  pcr ior l  r l istr ibrr l ion l t  gagcs 25 i l ( j  for
- f c s t  

S .  ( t  i t t r t l , , n r  \ \ ' i r \ ' ( '  l c s l s )

286 .Joint u 'ar,r 'hciglr t  a,n<l pcr ior l  r l is l , r i l l r t iorr  al  gagcs I  -  12 f i r r
'ft 'st 

9, (rarrrlorn \\'a\() tcst,s) . :J0'2
287 . lo i t t t  u 'uv t 'h t ' igh l  i tu r l  p t : r ' i o r l  < l i s t r i l l r l i o r r  a t  gagos  1 j l  -  24  l i t r '

Tcst 9, (r'arr<lorrr u'a,r.c t,esl,s) . 303
288 , lo i t t t  u 'av t ' l r c igh t ,  i l n r l  1 r t ' r ' i o r l  < l i s t , r ' i l r r r l io r r  ; r1 ,  gagos  2 l - r  -  j l [ i  I i r r

Ti 'st  9,  (r ' ; r rrrkrrrr  l r .ar.c tcsts) :t ( ).1
289 . lo i t r t  u , i t v t '  l r c ig l r t  i t t r r l  pc l io r l  r i i s t , r ' i l r r r t io r r  l t  g l f l cs  I  l2  f in

T c s l  1 0 .  ( r i r l r r l , , n r  \ t ' r r t ' , '  t c s l s ) :l0J-r

290 .Joirr t  rvar.e hcight a,rrr l  pcr ior l  r l istr i ln l , iorr  at ,  ga,gc's l i i  2,1 foy
Tcst 10. (rarrr lurn wi lvo l ,csl ,s) .  : i (X;

2 ! ) l  . lo i r r t  u ,avc  I rc igh t ,  a r r r l  l r c r io< l  r l i s l , r i l x r l , io r r  a1 ,  gagt ' s  2 i r  - : l ( i  i i r r
' I t rs l ,  

10. (ra, trr lotn \ \ r?[ \ :o tcsls) .  307
'292 .Jo i t t t ,  u ,avc  l rc igh t  a r r r i  l r c r io r l  r l i s t r i l r r r l io r r  l t ,  g i igcs  I  __  t2  f i l '

' I 'csl  
11, (r ' i l r r<krrrr  navc tcsts) .  308

2f): i  .Joirr t  u 'a,r .c lur ight arr<l  l rcr io<l r l ist , t ' i lxr t , ion i r t  gagcs l : l  -  2.1 for
' fcsl  

11, ( t i l t r<krtn \va\r()  1,csts) .  :109
'21) ' l  . lo i t t t  n ' i t r .c hcight i t t r r l  pct ior l  r l istr i lnt iorr  ut  gi tgcs 2lr  - ; i ( i  f i r r '

' fcsl  
l  | " ,  (r ' i r rrr lorrr  \ \ r i r \ -( '  t r :sts) .  : l  l0

'29;t  .k i i r r t  rvavc ixr igir t  arrr l  pcl ior l  r l ist l i l r rr t iorr  at  gi lg()s I  -  I2 {r i r
Tcst 12. ( ta, trrkrrrr  u,avt '  tests) 3 i1

'21:)( ;  .Joirr l  n 'a,r , t '  hciglr t ,  arrr l  pcr ior l  r l ist l i l l r l iorr  at  gl ,13cs l . i  2,1 f i r r
Tcst 12, (ratrr lorn rvrtvc tcst,s) .  :112

297 ,Joi t t t ,  rv in 'c l ic ight utrr l  l rcr ior l  r l istr i l l i t ion a1, girgos 2ir  -  i l6 l i l '
Tirst 12. (ranrkrrrr rvavc tr:st,s) ' ) 1 ' )

' ) l - r . )

21)8 ,Joint u,avc lur iglr t  a,rr t l  per ior i  r l is l , r i l l r t io lr  i l t  ga,g()s 1- 12 l i l r
' f t :st ,  

13, ( t 'au<lotrr  u, :rvc tcsts) .  314
21)9 .Joint wavc hciglr t  a,rul  pt :r ior l  <l istr i l l r t ion at ga,gr:s 1i l  -  24 for '

Test 13. (ratrdotn u, i tvc tcsts) .  ;115
3(X) .krirrt u'avc height ancl periocl rlistributirxr at gages 25 - 36 lor

Tr:st 13. (r'irrrdorn \vil,ve tests) . 316

298

299

3(X)

301
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:101 . loint  lvavc heiglr t  ancl  pr:r ' ior l  r l istr i l l r t iorr  at  gagos 1- 12 for
Tcst 14. (ranclorn ur:n'e tr:sts) . 317

l l02 . lo int  lvavr:  height and pcr ior l  distr ibrr t ion at g:r ,ges 13 - 241'<' l '
Tcst 14, (ranclorn nr i l r re tests) .  318

;10: l  .Toit t t  urztvc hcighl,  t t rrr l  per iocl  r l istr i l i r r t iorr  l t  ga,gcs 25 - l l6 Ior
Ttrst  I -1.  (r t rrrrkrrn \y?l \()  tcsts) .  319

:10.,1 . lo i t t t  rvavt ' lur iglr t  arrr l  per ior l  <l ist l i l l r t , ion i l t  g ir f {(rs 1 l2 f i l '
' l l rst  

l i r ,  ( r 'arrrkrni  u,avc tcsts) .  320
; l0ir  .Joi t t t  wit t ,c l rc iglr t  arrr l  Jrcr ior l  t l ist l i l l r t ion a,t  gagcs l i l  '241'or '

- [ r ' s t  
I  . r .  ( t  i t t r r l o n l  \ \ ' i l \ ' ( '  I c s l s )

' ) , 1  |' ) a r

' l  ,  ) . )' ) L :

' l  , )  ' )

. ) . )  |'  r , a

' 1 , )  - .

: i06 .Joint u 'avt '  l r t ' ig lr t  iuul  l rcr ior l  r l istr i l l r t ion at ga,gcs 2,-r  -  jJ6 I i t r
-fcs1 

I l-r. (r' irrrrlorrr \\r?t\,(' tcsts)
j lO7 . lo i t t t  l r , in ' c  hc igh l  a t r r l  pc t io r l  r l i s t r i l l r l i o r r  a t  l lag( )s  1 -  12  fo t

' l i rst  
16, (r ' i r rrrkrnr rvar.c tcsts)

Tcst 16, (r 'arrrktrrr  navc tcsts)
: i08 .Jr i i t i t  i . r , i l r .c lur iglr t  :urr l  l r rr l ior l  r l is l r i l l r t iorr  i t t ,  gagcs 1: l  -  '24 [ 'u

i09  .Jo i r r l ,  u , i t t t ' l r c rg l r t  a r i r l  l r c l io r l  r l i s t l i J ru l io r r  i r t  gagcs  2 i r  -  j l ( i  l i l
' I i ls (  

L[ i ,  ( t i tn<kr t r r  r r ' iLr . r '  tcs1,s)

: J l0  .Jo i r r l  u .a r . t ' I r c ig l r t  l ru l  pc r io< [  r l i s t r i l l r l , i on  l t  gagcs  I  l2  f i l
' fcst  17. ( t ; t t rr lorrr  \ \ , i l \ r ( '  tcsls) .  326

: l l I  . Jo i r r l  u 'uvc  lu r ig l r t  i l r r r l  l r c r io r l  < l i s t , r i l l r { io r r ; r t  g i lg t ' s  l ; j  -  2 ,1  lo r
It'st, 17, (r';rn<klrrr l,rrar,'t ' 1,r:s1,s) . :l '27

l i l '2 , lo i t t1,  u 'ar.r :  lur iglr t  a, t t t l  l rct ' io<l  r l istr i l l r t i r i r r  u, t  gl ,gcs 2ir  i i6 l i r r
' l i 's t ,  17. (r i t t r rkrrrr  l r ,avt '  tcsts) .  :128

' l l j j  . lo i t t t ,  u ,ayc  lu ' ig l r t  i t t r< l  pc t io r l  r l i s t r i l l r t io r r  l t ,  g i l , l l os  I  -  l2 Io r
Tcs l ,  18 .  ( r iu r r lo rn  \va \ ' ( ,  t cs ts )  .  : t2 ! )

:11 .1  .Jo i t t t  u ,av t ' lu r ig l r t  a t r r l  p r , t io r l  r l i s t r i l l r t io l  i r t  ga l los  l l j  -  2 l  f iu '
Tcsl  18. (r 'arrrkxn u'avt '  tcsts) .  i i :J0

: l l l  . Jo i r r t  u ,a r . r .  hc igh t  i r r r t l  l r c r io r l  < l i s t l i l r r r t io r r  a , t  ga ,g( )s  25  - :J6  Io r '
Tcs t ,  18 .  ( ran<kr t r r  nuvc  tcs ts )  .  331

: i t6 .Joi t t t  u,ar, 'e l ier ight,  i t t r r i  prrr ior l  r l is l , r ' i l l r t iou a1, gagos I  -  12 f i r r '
'fest 

19. (r'artrlorrr \va.vo lt,rst,s) . :3:12
;ll7 .Joirrt, u,avt: hcight a,rrrl 1;eriorl clistribution a,t ga,gr,:s 13 - 24t'ot

Tt:st 19, (r'iurriorn rva'ne tests) . . :l:13
; l t8 . lo i t r t  nrtve height ancl  l rcr iod r l istr i l l r t ion al  ga,gcs 25 - l l t i  I i i r

Test 19, (r'rrnrkrrn $r?l\(. lests) . 334
319 . l t i i r r t  r , r .ave height anr l  pcr ior l  r l istr ibrr t ion at gages 1- 12 lbr

Test 20, (r'arrdonr $'al.e tr:sts) . 335
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:J20 .loint u,avc hcight and pcriocl clistributiorr at ga,ges 13 - 24 {'or
?rst 20, (ran<lom ll ' i 'r,l 'e tcrsts) . 336

::,21 ,loint u,a,r.c height attrl lrct'iorl rlistrilxrtiorr rrt gagos 25 - jtti lor
Tcst 20. (r ' r rrrr lorn nr lr ;c t ,ests) .  337

:\ '22 \ \ ' i tvt '  ( )nctgv sl)cc(r i l  a, t  gagers I  l '2 f i r l  Tcst 1 (u,ave grol l l )
t  csts ) :l;19

340

:'})47

:112

. )  t . )'  ) ' t r )

: ' ;23 \ \ inr ' ()ncrg\ i  s l tcr: l ra at gagr:s I l l  24 l i r r  Tcsl ,  1 (r ,r ,ar.c grol l l )

rcrgv sl)cctra at gages 2l) 116 firr Tirst I (u,avc grolll)

rctgv slrcctra, a, l .  ga,gr:s 1- L ')  I ' r t r ' l i rst  2 (u'avc l l rol l l )

l  c s t  s )
?;27 \ \ r i rvt 'crror l l \ r  sp<rr:1r ' l  i r t  gagcs 2Ir  :J( j  for ' ' I l rs l  2 (u. i rvc glol t l )

tcsts) .  i i , , l . l
:123  \ \ r ;n '< ' ( ' l l ( ' l g \ :  spc< '1 , r ' i t  i l t ,  g? lg -cs  I  -  12  f i r r ' - l l i r s t  l i  (u , i r i ' r ' g r 'ou l )

tcs ts )  .  i i 4 l
329 \\in'r' ollcrgv spcctra at ga,gcs 1.3 ')4 futr'Ii 'st j] (n1r,c gr'olll)

t  csts )

t ,csts)
:124 Wavc cr

t  r:sts )
:\'2lt \\''alrr t:r

tcsts )
) , '26 \ \ t lvr 'crrolgv spcr: l r ; r  rr t ,  ga.ges 1.3 ' ) ' t  I '<r '  h 'st  2 (u' ;n 'r 'gr 'olr l )

;:i:]0 \\, ' in'c clrr)r'g\,r slrcr:t,r' ir at ga,gcs 25 ii6 for Tttst, 3 (u,avc groul)
tcsl ,s )

: i : i1  \ \ ' i i r r . r '  cnolgv spcr : t , r 'a  a, t  g i lUos I  -  l '2  l i l  
' [ i rs t ,  , {  (1y;11 '11 gr 'o l l l )

t  cs t  s )
\?;2 \V;rr.r' cr

tcst,s )

' , ' t :* , . . ,u ' , , , ' : , ,  r , ,  * ,r*".  l i  2; i i , .  t i l rr  r  iu ' , , , . , ,  * . , , , ,u '" 'o
: i49

;146

: \47

;l; l .J \\ ' 'a,r 'r 'cl l()rgv spcr:tr i l  at, gi i ,gcs 2l-r - 3f i  I irr Ti 's1 .1 (u,irr,c glorrl)
tcsts) . : l i r0

:134 \\Iurrr ('rrergv spr:r:ha at ga,gcs I - 12 for Ttrst, I-r (lr,avc gr'olrl)
t t ' s ts ) 351

:l i l l-r \\i 'a,r'r' clrol'gy sper:t,r'a irt gagcs 73 - 24 for lirst 5 (u,avc glotrl)
I t ' s t s ) , )  i , )

. ) r ) L

:i jJ(i \\tin't,ernelgv spcctra irt gilgr:s 25 - 36 fix Test, 5 (rvtrve l+oul)
t  csl ,s )

:j:i7 \\' ir,r,t ' onerg\: sl)o('tl i) iLt gagcs | - f2 lirr Test 6 (u,ave llrolll)
t  ests )

iJ:18 \\rave onor'g\r spc'ctla ut gilgr:s L:3 -'24 {irr 
'fcst 

[.i (u'avt: gtolltr)
t c s l s )  .  3 J . r

. ) ' ) , )

314
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339 Warr' ('Il(:)I'gv sl)ectra :rt gilges 2lt - 36 fbr Tcst 6 (nave groltl)
test,s) .  356

3-10 \\'-avr: energ\r spet:tra at gages 7 - l'2 firr' ?rst 7 (u'avc groltl)
tests)  .  357

3.11 \Vavt' oncrgv spur:tla :rt gagcs 13 -'24 {or Tcst 7 (rr,:rvc grolli)
t c s t , s )  . 358

?,,I'2 \Varr' oncrg\. spcrr:tra, at gagcs 2ir - 36 for Iest 7 (rvavc l4rolll)
r c s r s )  .  : i 59

:l ,1j l  \ \ Iavc en('r 'gv sprrr:t ,ra at, girgcs t - 12 for Trrsl 8 (n,;rr.c gloi l l)
t c s t s ) :t(;0

:1 , i .1  \ \ ravr ' c r r ( ) r 'g \ .  s l rc r :1 . ra ,  a1  gagcs  I i l  24  lo r ' I i ' s t , ,3  (u ,avc  gro l r l )
r c s l s )  .  : t ( ; l

: ' i .15 \ \ r iLvr 'cn( ' r 'g\r  spcr ' l . ra;r t  gagcs 25 j l i j  fo l  Tcst 8 (nirvc grol l l )
l ( ' s r s )  .  : t 6 2

: i .16 \ \ i rvc cr)( ' r 'g\ :  spcr: t l i l  i t t  g irgcs 1 12 for ' ' f t rst  9 (u,avc gr 'oul)
r ( ' s r s )  .  : . i ( i j l

: ' , . I7 \ \ , ' lvc ( 'nergv sgrct: l , ra at,  gagcs f :J -  24l i rr  Tcst 9 (u,arrr  { l rol l l )
I cs t ,s )  .  3 ( i1

j1.18 \\ti lvt' crr()r'g\r spcr:l,r'a a1, ga,gcs '2it - ?t(i fi ir 
' l 

cst, 9 (u'irvc gr'olll)
lcsl ,s) .  3t j , l r

:119 \ \ ' -ar.r 'orr()r 'g\r  s lrct : t , ra at gagcs I  t2 { i rr ' I i 's t  10 ( i r , lvc gr 'oul)
I t ' s f  s ) : t6(i

: i ; rO \ \ i 'ar,c ( 'norgv spcr: l t i r .  al  grrgcs 13 - 24 l ix 
' fcst ,  

l0 (u,avc gtol l l )
I  cs l  : )  .  :16 ;

3:r1 \\ti lr,c orrer'l l\r spcr:lr'a irt, gagcs 25 :16 lirr Tcst 10 (rvlvc grolll)
I t ' s l s )  .  : l ( ; S

) , i '2 \ \ rrLr.c ( 'u( ' r 'gv slrcr: t la i r , t  gi lgcs |  -  l '2 [ i r r ' [ i 's t  11 (rvar.r 'gr 'ol l l )
I  cs t s  ) ]69

; i53 \\ '- i lr.c cnor'gt. spcr:t l ir irt ga,gcs [ 't - '2.1 fol f irsl 11 (u.iri.r '  gr'oul)

tcs t ,s)  :170
iJl-r.l \\'hvr'orrerg\r slrcr:tra trt girges 2l-r - 3ti ftrr Test 11 (lvilvc grolll)

1 t ' s t s ) : t7 l
j l irl-r \Vavc cllolg\r spcctrrr, at g:rges 1- L2 tol Ttrst 12 (ri 'airr gi'oul)
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1 Introduction

\ \ raYt ' l r lor lk i t tg  is  a l t l tenol t l ( t l lor l  in  rv i r ich t i rc . r rcrgv of  propa.gal , i r rg,  \ \ r i l ,v .s
is  s toPl l t l r l  lx ' l t ,  s t tong t t l r l ros ing r : r r r r r :n t .  - , \s  \ \ , i l \ .es l l ro l ragatc in to 6111lrs i 'g
t ' t r I I t r l t ts .  1 'hel i I  gr t l l t l l  v r :krc i tv  rcr l t rces lcur l ing l ,o  1,1rc w;r \ 'cs s l roal i r rg 9rr  t l r t ,
< : t l t t < l t t t ' '  ] 1 ' t h r l  < : l l l l t ' l t 1  i s  s t t ' t , t t g .uo r rgh  thcn  t J r i s  g , r ' o l l l )  r , c l o r : i l ; \ ,  r . g r r l r l  g ,  t ,
z t l l 'o  t 'a t ls i t rg tht ' \ \ r ; l \ ( rs  t0 gct  l lk - l r 'hr r r l .  ' I ' i r is  

is  1ai rh. ( .orr l r rorr  at  thc crr t r .arr r : .s
o f  t i l ' t ' t ' i r r l t ' t s  u t l t r l t t l  l i r l a l  t : t t t r c t t t s  t : i l r r  l r c r : o r r r r r  r . r r l r -  s t ro r rg .  ( ) n .  s r r : l r  ax . r r1 l l t ,
o f ' \ ' i tV t l  l r l o t : l < i r t g  i s  s l tOn ' t t  i r r  I ' i g r t r r ' 1 .  Thc  pho fog r ; r1 lh  has  l r cs r r  t i l l i l l r  t i r r . . r ,
I t o t t t s  i r l i t l r  h i g h  t i r l t l .  i t t t r l  t l t t t s .  t i r c r t ' i s ; r  s t , r ' , r r l l  ( : l l r l . n t  p l . o 1 l ; r g i r t i l g , r r t , , f '
l l r t ' i r r l r l 1 "  

' l ' h i s  
s t t o t t g  t : t t l r t ' r t t  l l l o r : l i s  \ \ r i l \ . ( ) s  t , l r i r l ,  i r l c  t r . r . i r r g  l , o  p r . t r l r ; r , g ; r l r , i r r 1 , ,

l l t t ' i l r l t l l ' '  D t t t l  1 .o  { l i t l  sh r t t l l  i t t r : r ' ca , sc  i r r  u ' ; r vc  s l . r ' l r r r t , ss  l r l i o r . t o  l l k r r . l i i r r g .  l , l r t ,
l v i tV t ' t l r t v i t o l l l l ) o l l t  l , r l t t r l s  1 ,o  l r c r : o r r t c  vc l t ' r ' o r t g l l ,  as  ( : i r , l r  l r t , sc t , r r  i r r  I . ' i g i l r t , 2
T l t i s  t : l t t t s t l s  < : t l ns i r i t l t a l r l t t  t t av ig i t t i o r ra l  haza r r l s  a r r r l  l r t i r r t s  I r a r . .  l r c .n  l ' r t lw r r
t o  C l tPs i z t '  l tV i l r g  t o  r : L t l ss  t l r c  i n l c t s  r r r r r k , r '  s r r ch  r . i r . r : r r r r r s t , i u r ( : cs .' l ' I t r l r t l  

a I ( ' l l l i ) l lY  r t ' f i t r c t t ccs  i r r  l , hc  l i 1 r , r ' a t , r r r c  o r r  l , l r t ' < i r . r r i r r r r i < : s  , { ' s l , r . r r r g
\ \ ' i l \ - ( ' - ( ' t l l l ' ( r t t 1  i l t t 0 ra< r t i o t t s .  B r r ' 1 , l r c r ' 1  o r r  i r r r< l  ( l i n r r , l  t  ( t g i t g )  l r i ' r , .  s i r r * , r r  L l r i r t
i r r  l l r t ' l ) I ( r s ( ' l I ( ( ' o l  i t  t t t l l t r r r r t  i t  i s  t , h c  u , ; r r - r ' i r t . t i o r r  l h i r 1 ,  i s  r : , r s . r . r . r , r l  i l r r r l
t t o l  l l l t ' \ \ : i l \ : o  ( ' I l o l  , q \ ' .  I Jon t r vc l .  t h i s  r : o r t sc l r . i t t i o r r  l r r i r r r : i l l l c  i s  l r 2ss r l  o1  r . ; l \ .
I l t t r o tY  i l l l l l t o - r i t t t i t , l , i t t t t s  i t t t t l  f a , i l s  r : l osc  l , r i  t l r o  l r k r c l i i ug  p r i r r t  * , l r i r : l r  i s  i r . i r r r s l , i t .
S n r i l l r  ( I 9 7 r r )  o l t l i t i t t r r r l  ; t  t t t t i f o t t t t  s o h r t i o n  [ i r r  t l u r  n ' ; r r - c  a r r r l r l i l , r r < l t ,  l [ r r o r r g S  t l r .
l r l o t ' l i i r i g  t cg io l t .  l l c  s l t ou ' t t r I  I ' l t i l t  i l l o r r r r r l  t l r c  l r Jo r . k i r r g  r . r ' g i o r r  l . hc  a , r r rp l i l r r r l r
t l l tYt ' loPt ' is  g iVr l t t  l rv  i t t t  - ' \ i t t ' f i r r r t ' t ior r .  i r r r r l  ; r rv i lv  f i 'or r r  l , l rc  ] lkr r : l i i r rg  rcg iorr  t ,1<r
u ' l t l ' t l  f i t l l r l  < : t l l ts is t ,s  t t {  i t t t  i t t t : i r lcr r t  u ,arrc  arr r l  a  l r r r<:1 sprr . t r r r .  r .a f lar : l , r r r l  \ \ r i l \ r ( . .
l ) t ' t t ' g t i t t o  ( t 97 r i )  o l r t i t i t t c r l  l , hc  sa rn t ' r ' < r s r r l l , s  n , i l , h  t l r g  l r r : l p  6 t ' s l , r . . . u r  I j r r i r : t i . r i - .
L; t i t ' l r -S l tv t t ' t t r< l  l ) l r i l l i l rs  (1990)  ; r r r r [  ' f i ' r r ls . r r  

ar i< l  l , t . l  i too: l )  1r^ . r r .xr , . r r r l . r l
1 ' l t c  t r r s t t l t s  t o  i l t r : l t l t l c  t h t ' c [1 r ' r ' t s  o f  su l f i r< : r ' 1 r : r r s iou  u . l r i r : l r .  i f ' t l r .  r , r , l k r t : t , c r l
\ \ ' i l \ - ( 's  t t ' t t '  s l to t l  t ' t to t ig l t .  lc i t r ls  fo  tht '  u ' ; r r .cs l rc i r rg r .c f l r r . tcr l  i rg i l i r r  I r . , r r r  i r
s ( ' (  ( , l t ( l  r c l l r ' r . t  i o l r  l r o i t r l .

' \ l l  t h t l s t ' t ' l t . r l l i r l s  a r t ' l l i L s t t r l  ' t t  t l r c  l i r r r r i l r ' \ \ r i ) \ . ( , i l s s u l r r l r t r o n  l r r t l  r . r 1 r r i r . t ,
t l r i r l  l l t t l  i t l t : i r l t l t t f  \ \ ' i l , \ ' es  l r e  vc t v  s rna l l .  I r r  i n l . t s  t l r cs .  r : o r r r l i t i o r r s  a r , , r , , . , , l . r -
s ; r t ' is l i t l r l  i t r l r l  t t tost  wi l , \ ( )s  l r r t tak a, t  o l  l re l i r lc  the l r lo t :h iug poi r r t ,  r t , i thorr t  ggt , t , i 'g
Itrf lt l t:tt lr l '  l ir '<:t l tJttts(l \\rav(ts urhiclt r lt i  lot gct bkrr:hr:,1 l,rr,, a, g91si<1rr.2lrlt,
i t t t t t l t t t t t '  t t l ' t l l t t l t 'g t '  r l t t t t  to  \ \ r?Ivcs l l r r lak i r rg orr  thc st rorrg ( ;ur lenls .  As 91l1rr . ls . r l
to  t l t ' i r t l l  I i l l i t t : r l  r t 'a t ' r '  l r rc i t l< i t rg.  thcrr - .  is  ; r  s t : t r r r : i tv  of ' r :xpcr . i r lsr r t i r l  < l i r ta  t t r
s l t t < lY  r : t l l t t : t t t ,  l i r n i t e r l  r v i n ' e  l r l e t r l i i ng .  L rL i , , 1  o / .  ( 1gg9 )  5a , r . e  s t i r r l i c r l  t 1 .
l i i l t t l t t l i t t i t ls  t l f  t l r r l  s t lo t tg i t r tc l ' r tc : l iou l rc tn,een l r , , ta , , , l ;  an<l  o1lposi r r1. r ,  r : r r1r . . r1"
l ' r t  <1, rr,t  gir ' ' .  i rr '  r ' .srrrts . lr . ' t  th. rrvrr.rrr i t :s.



Fiqttt'c 1: \\i:n'c Blor;kirrc at Irrrlirrrr ll,iver Irrlct. Dtr USA

Figure 2: Wave fielrl closr: to thc blocking point



Ttr clt:r'elop a better unclerstancling of the dynamics involvecl in the inter-
ilc:tiotts betlr'eett waves zrnd strong opposing currents, a series cif expelirncnts
hitve been t:clttclttc:tecl il,t thr: Cerrter fbr Applierl floastal R,csca,rch. Thc studv
is llroit<lly rlivitlcrl ittto thrcr: parts rnonclchrcirn:rtir: u'avc tr:sts, ranrlo[t \vilve
l,csts using friirlv broarl TN,IA spcctr:r, a,rtrl narroll ' spr:c:tral tcsts u,hich lt,ra,cl
lo trtorltrlatirtg witve trrrins. The tcsts rango fi 'onr conrlitiorrs lvhr:re thr: rvavcs
arc lliot:kcrl :rnrl leflected to r:onrlitions lvhr:rc thcrc is ster:Irrrcss lirnitcrl u'a,vc
lrrca.kirrg as t,hr' \vA\('s shotr,l on nn oppusirrg r:rrrrr:rr1,.

'[ ' lrc purposc of this report is to cr"ta.krg all thc r:xlrclirncrrts. Thc lr:port
cottsisls cil i l ntain pa,tt rvhelc thc r,lxpcrirrrcnt:rl sctrrlr a.n<l t,lrc rliflcrrrrrt, cx-

l rct i t t tcr t ts are r lest:r ' i l rcr l  in r lctai ls.  Thc ser:orr<l  part  of  thrr  rr :yrr l r '1,  r :orrsists of
t , l rc Appctr<l i<rcs u, l t i<: l t  r :ont,ai t t  thr:  t rarrr i rrg r :orn'enl , iou rrst :r l  fo l  thc <l i f lcrurrt
cxl lcr i r t rct t ts,  t l te ga,gr:  t :ootr l inrr tc posi t ions an<l t , l rc f igrr l r :s f iorrr  al l  t l rc tcsts.
Dttr '1,o t l tc vol t tmitrot ts l rat l l r 'o of t ,hc rr :1;r l r t  orr lv t l rc rrrain scr: t iorr  arrr l  tht :
lrvo Appcrtt<licrcs clcscribitrg the rrarning <rorrvcrrtirlrr arrrl g?rll() cool(lirriLtcs a,rc
ilr' 'ailitlrle in pritrt ttrrtn. Ilur letttuining Appcrrrlict:s r:onta,inirrg all thc Iigrrlcs
tnitv lrc olrtzlittetl bv rt:rlturst ol by :l,r)onyrrrotrs f'tp Ii 'orn coastal.udel.edu.
' [ ' l ic 

lcpurl  logct,her rvi th i ts Appr:r tr l i r ; t :s is st ,orrrr l  in pub/reports.

2 Experimental facility
' l ltc cxpct'itttcttts u,cre r:onrlltt:tcrl in ther Clcrrtcr for Apltlit:rl (lrrrstirl R,r:sr.a,rr:lr
rtt, l,lrt ' L,rtrirrrrsity o1'Dt:lin'r,a,r't '. 'f lrc a,irrr u,as to sirnrrltrtc tlrrr con<litiorrs cxpc-
t ict t t :cr l  i r i  in lct ,s r l r t l i t tg tht :  pr l r ior ls l l 'hcrr  l , l rcrc arr:  l i rst  t i r la l  r : rrrrcrr l ,s l ) r 'o l) i l -
g;r t i r rg t t t t t  o1' thc inlert .  Tir la l  r ; rrrrcrr ts are t , rrrbrr lcrr t  rurt l ,  t ;orrr l r i l r rrr l  to gra,r . i tv
\\Iir\,:('s. \,i l l 'v over nrttt:h lotrgrrr tirnc st:alers. Tllrs. irr ortr cxlruriments lrre gtucr-
ir,tc trtrllttl<rrrt <:rrrlcrrts r,l,ith a r:onstnrrt rrroirrl vckrcitr'. Sint:c u,rr r,r' ish t,o isolatc
tltc pltcttt.rtncrlon of \\' ir\() ll locking, tlrc cxpcrinrerrts havcl becn r:orr<lrrr:tt:rl irr
orrc r l i r rrensicln onlv.

2.I Experimental setup

Thc cxpr:r'irncrrts wt:re r;oncluctecl in a 30
sr:licura,tit: plarr r,' ierv of thc setrrp is shor,vrr
u'ith the help of ?I punrp u,hich ch'ar,vs out
lrchincl the u,ave parlrlle and puts it back
flol straightcncr has been placecl in the

rn lorrg rr:r:irculating flrtrrrr:, arrrl i l
iu Figure 3. Clulrcrrts ale gerrt:r'atr:rl
r,vater at the rate of 0.09 rn;J/s frorn
irrto the flume at the other r:nrl. A
flurnr: to remove all the lzrrge scale
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(r(l(lies tltat art: gcneratetcl u'hen the rva.ter errters thc flrrrrie. A pelfblate<l
"pist,on-tv1)e" \\,i lve prarklkr is rrsecl to gcncrtrte wir\rcs in the tank. This a,llor,r's
tts lo rh'ilrv ortt tlter u'atcr fi 'orn llehirrcl thc lr,:lr,ernakcr'. arrrl thc vcrtir:al profik'
tif titc t:ttrrerrt irr fiont, of'the u'itvc parlcllc rcrnairrs rrrichrrrrgr:rl. Thc u,irll l i of
t , l t t '  f l t t rne is 0.6 tn : t t r<l  al l  thc cxpcrirnorrts i rrrr  corrr l rrct ,cr l  i r r  a u' i l t r rr '  <lc lr th
of '0.5 tn.  Tl tc u,avc pcl iods rattgc f i<irn 1.2 -  1.6 s.  Thus. thu r :xpr:r ' i rnt :rr ts
ha.r'c lrr:err corrrhrctt:rl in rlr:ep to intcrmt:rliate u,:rtcr rlepths.

,\tt ittlct is <;onstrtrrrtcrl b-v nilrrorving tlrc tiirlth o\('r a, scr;tiorr of the flrrrnr:
r .v i th thc hclp of : r fnlse'u 'al l .  

' fhc 
u, i r l th of l lu:  rra,r ' r 'o\ \r  r :hannol is 0.3t i  rn.  

' l 'hc

r: lnrt t t t t ' l  t :xpa,t tr ls s lo. ,r , l r '1,o thc wir l th of ' thc {hrrrrc t ,o prcvcnt,  f lor,r '  scpa,r i t t iorr
i rr  thc cxiratrsiorr .  Tl l rs.  t ,ht :  acl<l i t iorral  corrrpiexi l , r 'of  \ \ ,a\ :cs f i rcrrsing orr a
l i t t ,c l i t lh,  grou' i t tg. jct  at 'c ar.oi<krr l .  Thc rncarr r : rrrrcnt l , rui t 's I iorrr  0.513 rn/s
i r rs i t l t ' t , l t t ' i t t l t ' t  to  0 . :12  t t t / s  au ,ar ' { t ' o t r r  t ,hc  i r rk ' t .  Thc  c -xpcr i r r rc r r ts  havc  } t r tc r r
r lcsigtrrrr l  st t r ; l r  that u ' i t r . r ' l rkrr : l i ing or:crns ciosc to thc rralrrxr,  pal t  of  thc i rr lc l  .

Atr  i t ,<:ottst , i t :  r lo l l l l lc l  r .cklc irrrctcr is rrsc<l 1o lnt ' i rsrr lc t l rc crrr lcrr{ ,  r .c lor: i t ics.
rvhikr r,a,pa,r:ittrtrr:() wa,\t girgos artr rrscrl t,o lrrcilsirrrc tlrrr tirrrc srrrics ot'thc u,trtcr
srr l t i r t : r : .  Thr:  srrr ' f r rc()  gugc lnoi ls l l r 'o lrr( :nts cxtcrrr l  I i ' r l rn orr l ,s ir lc t l rc i r r lc l  t .o t ,hc
crrr l  of  thrr  rr i l r rorv part  of ' thc inlct  a,rrr l  i l rc shou'n in Figrrrc 13.

2.2 Coordinate system

Tlrc or igin is pl tx:rrr l  at  thcl  l rcgirrrr ing of thc uar ' lo\ \r  l r iLrt  ol  thc i rrkrt .  u, i th tht ,
. r :  r :oo t r l ina t t ' r i x is  p r . r in t i r rg  rkxvr r  t ,hc  l cng t l r  o t  t , l r c  f l r r r r rc  a r r r l  pos i l . i vc  i r r  t ,hc
< l i t cc l . io t r  <11 t l r r ' \ v i l \ ( rs .  ' f l l r s .  t , l r c  i r r l c t ,  l l cg i r rs  i l t . i :  -  2 .8  r r r .  i rn r i  1 , l r t ' r r i t r r 'o \y

l r i r t t  o f  t l r t ' i r r l c t  cx l , t : t t< ls  l io rn : r :  :  0  t i i i : r '  :  4 .8  n r .  I ) r rc  1 ,o  s . ' ' r r r rnc t r l ,  t l r c  s i< [c
u' i t l l  o1' lhc f l r t t rrc l rcr:orrr t 's 1, l rc t :crr1,rrr  l i r rc o1' t l rc i r r lct .  ' Ihrr  r7- r : r iorr l inatc i rxrs

lroi t t ts l rosi t , ivt ' l ,orvarr ls t lur l i r lse u'al l  u, i th ! /  -  0 at the cerr l , r : r ' l inr:  (r ig lr t  rv ir l l
o f ' thc  tank) .  Thr '  . :  r :oo t r l i r r i r t c  i t x is  po in ts  i ros i t i vc  r r l xv i r r< ls  u ' i th  ;  -  0  r r t
t  hc st i l l  u 'a,1,r :r '  k:vel .

2.3 Data col lect ion

Tu,o r l i f ferclnt  t r , 'pt :s of instrurnents havc l leerr rrser l  for colkrcl , i r rg <lata. Tlr t '

l r i r r ' f i<:k '  r , t : loci t ics ha.r 'c brrcn rrrca,srrrccl  u ' i th thc l rr :11, l  of  a,rr  a, t :orrst ic <lopplcr l
vckrr:irnr:t,rrr (AD\'). Thc vclot:irnt:1,c1' rnoirslll 'os thc hurizontal r,r:lor:ities orrlr.'.
Sintrr thcr r:rrrrcrrts irr the exl)erirrer.ts arc. inirlv stronll there is vr:r't ' l ittle rro'"r'
arrri thr: ADV u'orks vcry llell. Thc diszrdvirnt:rge u,ith the ADV is that its
rnaxirntrttr sirrulrlirrg rater is cinlv 25 hz arrcl thus is rrot useful fur strrclving tlie



trrrlltlenr:e stnrr:trrrr-. rif lhc crrrrcnt. Ner.crtheless. it gir.c's vrrrt, griorl rncil,l l
vclor: i ty prof i lcs.  Data col ler; t ion fbr thc ADV is donc rvi th the help oi 'a PC.

'\part Ii 'orn the AD\,', t:a,pa,citance \v?l\(' gag€rs have a,lso becn rrserl in the
trxlrcrirrrettts. Thesc g?lgcs rrLe?lsllro thc tinrc histon' of thc \\' i ltcr strlfi lcc llv
givitig ottt a voll:rge rvhirfi charrges rvith u'atcr levcl. Thc ga,gcs arc t:a,libratcrl
so;rs to l rc alr lc to r :r l r rr : r ' r t  thc t i rnc s<rr ics I i ' r l rn r .ol ts to r :rrnt i rnctcls.

Bot,h the t ;a, l i l r rat iot t  atr<1 <rol lcr: t iorr  of  r lat i l  f iorn t ,hc gagcs is r lorrrr  lv i th fhc
lrcl l r  of ' r t  C-lr t t t ; t t r rcnt 7200 r l i r t rr  acrpr is i t iorr  r :orn1lr t ,cr s1. 'st ,cnr.  Tirrr  r ; r i rnl l r tcr '
svstctn t :orr tairrs 80 r \ /D chlrrnl ls n ' l r i r :h r : t )nrt l ' ts t l rc rrrra,klg sigr l l ls l i 'orrr  thc
\\ : i l \ i ( '  g i l lacs into r i ig i tal  s igrr i r ls.  . ' \  I ior l ran l )rogr '?l l r r  cal lc<l  Take data is rrsc<l
to  l c t t i r r r rc  1 , i rc  i t r t r l l r r ra t io r r  f ro r r r  t l r c  chanr rc ls  a , t  i r  ln r t i c r r la r  s i r r r rp l i r rg  ra tc
rrn<l st ,ot 'c thcrn i t r  inr l iv i r lua, l  r lata { i lcs.  l l r r l i l i t '  t lu '  ADV. thcrc is no l inr i l ,
1,o l l rc I 'at()  at ,  rv l t i t :h t latr ,r  c i t rr  l rc si t , rnplcr l ,  l r rr l  t ,hc sarnpl i rrg latr .  t r .pir :al ly
val i r ,<l  l rctr , r 'cen 50 - 1(X) hz.

( i lgc  r : i t l i l r t i t l i o t t  i s  r louc  lx ' t r rov i r rg  t l i c  rvavc  l l i l l l os  r r l r  a r r r l  < lo l r ,n  i r r  s t i l l
n ' r t1 r ' r .  a t t< l  tnc i ts t t t i t ig  t l r c  vo l ta ,g< 'u t  1cr r r  i r r l r : r ' r ,a ls .  T ( r  l r r t ,o r r r i t t t ' t l r< '1 l ro -
r :r 'ss.  s l .c lrpcrr t rrr) |ors l r i tyc l lcrxr at ta<rlrrrr l  to cirr :h girgc u' i rc.  

' [ ' l rcsr:  
str ' l l l t r t r '

l r ro lo t : i  i t t c  i t l so  r :o t r t lo lk r r I  l r v  t l r c  C]oncr r r rcn l  7200 cor r rp r r l , c l  s ) rS tc t r r .  C la l i -
l r t i t t iot t  is r l t l t t ' r ' t , i t l t  l . l t r r  l rc l l r  ol  i l  I , lxt i i t r r  l ) r 'ogl i l rn ciLlkrr l  Gcal.  To rrrovc
i l rc  s l , cppc t  r r ro lo rs ,  Gca l  r rscs  lh rc r :  A / l )  c loc l<s .  ( ) r rc  o [ ' lhc  t : k r r : l i s  rno \ ( ' s
thc  t t to to rs  th ro t tg l t  t l r c  s l l c t : i f i c r l  < l i s la r r r : r '  l r t ' tnccr r  r :a l i l r r l t , io r r  po i r r1 ,s .  

' l ' l r c

sccotr<i  <:krcl i  col lccts thc <la,ta at c iLr:h poi l l  (1(X) sirrrrpkrs i r t  l (X) l rz).  . \ rr<l
l l r r ' l h i r r l  r : k r r :k  r :hangcs  the  r l i r r : r : t io r r  o f  l l r c  u ro to rs  u ' l rc r r  t ,hc  t r i t i r l  u r r rn l rc t '
o f  r : i t l i l r t ' r t , t io t t  po i t t t , s  i t t ; t  pa l t i r : t t lu r  r l i l c r : l io r r  (as  s l rc t : i f i c r l  l x '1hc  r rsc r ' )  h i t r .< '
l rcctr  cotrr l l l t '1,cr l .  - \ l l  th<r rcar l i r rgs arc t , i l i rcrr  u ' i t l r  rc{ i l rcnr:c to t l rc st i l l  rvukrr '
k ' rrr l  arr<l  a rcgrr,ssiorr  i r rr i r l ls is r :ar l i r rr l  orr t .  , \ l l  t i rc glgcs arc sl , rrr<lv arrr l  thc
ci t l i l r t i t l . ion ( : l l I \ 'cs att ' l i t rcar ' .  A tr .pir :al  r : i l l i l r r i l t ion ( : l l r ' \ ( )  f i r r '4 gi lgcs is slro-,- ' , r r
i r r  I" igrrrc 2.3. Clhi t t rgcs i t r  u,a.tct '  lcrnlrc l i r t rrrcs i l f l i rct ,  t ,hc cal i l r rat ion t : rrrr .cs
s l ig l r lh ' i t t t r l  t :a l i l r ra t i t in  t tu ts t  l rc  r lo t tc  a t ,  l c i rs t ,  o l l ( : c  r I  < l i t -v .  l t r  o r r r  cxpcr i rncn t ,s .
r : i t l i l r t i r t , io t r  o1 '1 , l rc  l4agos  u 'as  rk rucr  e \ 'e rv  l i t r r r ' l hc  gagcs  \ \ ( ) to  lno \ ( l r l  so  as  1 ,o
()nsl l r 'o t l tc l r t t ipct f i tnt : t ioning o1' ther g?:rg{rs.  Tl l rs,  1,y1t i t :al lv r ;al i i r rat iorr  of ' t , l rc
girgos u,as tlorrc 3 to 4 limcs a, <lay.

'l lrc 
Clorrr:rrrrerrt 7200 <:onrputor s\rstern is also rrsetl to nrrr thc \\rir\rolnirkel .

I t  hirs a D/. \  l roatr ls,  i lncl  t i t r r :  of  thr:  boir tr is is t :orrrrcr: t ,crr l  to the rva,r 'c lnakcl  .
,{ Fin tr;rtr l)r'ograrlr Send data con'u'erts ir, givt:n paclrllr: tirnc series inkl irn
; t l ;LIog signal i l t  t l te rct l t r i lcr l  salrpl ing l icr l reucr '  (sper: i l i t :c l  lx,  t lx '  rrscr ' ) .
n'hich tht:tt trrove tlte tvavc pirtlcllc. The sarrrll l irrg frcrr1trr,rncv fol rrroving the
urilr,crnilkcl \\ras alolllrrl ,1000 hz ftrr orrr cxperinrcrrts, elirnirrating thc rrcecl fur
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2.4 Current proflles
' l l r  t lctcrtr t i t tc t l tc v i t r i i l t iot t  ol  l .hc cl l l ' rcrr t  i r r  lhc I | rrrrc.  a <krt ,a, i l r rr l  lnoi t ,s l l r 'o-
tttcttt of thc t:rtrrcttt vcrlit;al llro{ilt: lrrrrs rlonc al variorrs lclr:a,1,iorrs irr tlrrr cha,rr-
t t c i .  ' \ t  c i t r : i t  pos i t , io t r  l , l r t :  l ro r izor r t i l l  vc lo r : i t , ) ' i n  t ,hc . r ;  r l i l c r ' l i on  l r i rs  l rcc r ,
t t ic i tst t t '<rt i  i ts i t  t int t 'st : t ics n, i th thc hclp of '1,hc AD\' .  I )atrr  surnlr l i r rg has l rccr^
< l r r t rc  i r t , ' 2 l t  l t ' t ,  [ i r r  j l : ]0  s .  Thc  rnear r  r : r r r l t ' r r t  l r io f i l t ' s  a lc  s l r r i$ , r r  i r r  I , ' i ,q r r rcs .1
-  8 .  n ' l t c l t ' L  l c l i ' r s  (o  t l rc  r : l ra , r r r rc l  r , l ' i r l t ,h  i r r r< l  { i  l c f i : r ' s  to  f l rc  t lo i l r r  vc lo r : i t v
<k ' f inc t l  l r r ,

[ i  - . - -  r ( i  )  >  ( 1 )
' l ' l tc 

t t tc; tst tr t : t r tct t ts I t i lvc l rcelr  l , i tkcrr  l i r r ' f r , r ,o ( : i ls( ls -  r . l r i tcrr  Llrctc i rrr ,orr l \ t
t : l t l Ic l t ,s,  i t t t t l  n, l ictr  l , l rct t ' is a str t i r rg rrrorrot: l r rotrral , i r :  l l lcal i i r rg ur i tvc l ) Iol)a-
gating :rgirinst tlu: t:ttrrcttts. 'I 'hc 

itrt;irlr:rrt \\ 'a\() ('orr'oslroncls to thr: Tcst 6 r:a,sc
f i rr  t i ic r t rot tocl trot t t i t , l , i t :  l r lc:rk irrq u,avc t t 'sts.  Thcrt :  is a.  r :orrsi t lerablc arrrorrrr t
ol ' \ \ , i l \ 'c  l r rca, l i ing l lut  the l la l 'e rkrcs not gcl ,  l r lor:hrrr l  l rv t l rc r : rr l rcrr l .  Tlrc airrr
is t ,o r : l tct :h i f ' t l r t ' r rre?ur vclor: i l r 'prol ik:  val ics i r( : r 'oss thcl  r :hi l r rrrc l  l r t i th i rr  thr,

I )r ' ( 's( ' lc( ' \  i t t r<l  alrscnt:c of Iargc \ \ r i lvos. Frorrr  thc f igt i les \ \ rc,  s(x,  thi t t  thrr lc a,r t
sott tc t ' i t t iut , ions in t l rc rT cl i rct : t iorr  i l \v i r \ r  f iorrr  t , l ic i r rkrt .  lxr t  insirk:  t , i rc in lc1,
l l r is v irr iat iorr  is rrr in irrral .  pin ' l , icrr lar l ) i  ckrsc to t l re nalr 'o\ \ :  piu ' t  of  the inktt
u'lrt' le irll thc u,ayc lrkrr:li irrg t,triies pl:rcc. \\ir rnakc tlrc ussrrurpt,ion that l.ariir-
t iotrs i tc: toss t l te t : l tat tncl  i t tc ncgl igible arrr l  integra,tc orrt  thc 17 r i<:pcrrrkrrrcy to
sirulr l i ly ot t t 'st t t t lv.  Apart  f i 'orrr  rrreasurirrg thc rnerrn t :urrenl,  thc tur l l r l r :nce
in thc current \vas ?rlso cletcrminccl. The turbrrk-'rrce has bcr:n tlefinecl as
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x  =  -4 .2m:  on ly  cur ren t
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. \ l rpcnrl ix C).  
' Iht '  

s l rcr: t
s l l cc t r i i  i ras  l6  r l cgrces  r

r f t)  -  r '12 (2 )

r f  [ i  i t r t :  gir , 'crr  iu l r igrrrcs 9 -  l ; i .  
' l ' lxr lc

1 .hc  i , ru  l l t l t ' n r :c  p lo f i l c .  S i r r r :c  t ,h t '  r ' c io r ' -
) ( ' c l l  s ( ' l ) i u i t l , c< l  ho t t t  l , l t c  t , o t ; t l  \ ( ) l oc i t \ . ,

:c  lcvt ' ls  i t r  l l tc  l ) l ' ( )son( :c  o l  rv in 'cs.  Thc

rrror-r '  r ' loscl  to thc \ \ ' i l \ 'onl?l l ic l  ( : i r rr  l ) ( '
: t ta plots ol  l ,hrr  r .ekrci tv iLrc givt ' t r  i r r
s l l rool i rrrr l  v ia Brrr l , lct1,  a\rola! l i r rg.  

' f  
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I  r i . /  -  0 .0 '2 lv , .

3 Monochromatic wave tests

Thc rrrorrot:hronrir t i r :  \ \ , r r \ icr  tost,s ha.r ' r '1rr :crr  r l iv i rkrr l  in l ,o h, l ,o l )?l , l ts - ' fhc l r lea,h-
itrg n,at'c tcsts iitttl thc u,:tvcr leflectiotr tests. Irr ltol,h. thc test (:rrs()s (;olrsist oi
a rirrrg() of \\ '?)\'() hciglrts {br rlifferelnt $rirx) peliocls. Irr the lrlr:akirrg lrravc tests
tht' nin.er heights are lirrgel'. arr(l lnost of thc \\' i l\()s iu'er lnt:aliirrg u,ith vcrv
littlt 'nal'c refler:tiorr. Irr thr: rvave reflectiorr tests thr: inc:irlcrrt \\ ' ir.\() lreielrt.'
i lr '() \ '( '1\: slllall so that \\raves at'c lefler:tr:rl frorn the bkrc;kirrg lrtiint \\rithout
i r n \ '  \ r ; l \ - ( '  l r t  t ' r r l < i t t g .

x = -4.2m: waves + currents



x  =  -2 .7  m:  on ly  cur ren t x = -2.7 m, waves + currents
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x  =  -1 .2  m:  waves  +  cur ren ls
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x = 0.8 m; only current
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3.1 Breaking wave tests

- ' \  to t ; r l  o f '1 ,3  l l r ca l i ing  u ' in ' r ' t cs t  r : i l scs  \ \ ( l ( ' r ' l l l r .  ' l l r t ' t cs ts  lun ' t ' l r cc r r  r l i v i r l r r r l
i r r to iJ gI 'o lr i )s.  Ei lc l t  gtott l l  t :ot ts ist ,s of ( j  r : i rscs i rr  u,hich lhc n'ar.c l rrrr ior l  is
I ic l r t ,  r 'orrs1, i r , rr1,  an<l t , l rc u,;rvc hr: ig lr t 'u. i r r i r rr l  1 i<lrrr  srrral l  1,o l i r rgc r .alrrcs. D;rt , i r
hi ts l rcctt  col l t ' r :1,cr i  i t r  t l rc fot ' rn of rr  t i rnc scr ics o1' t , l rc \ l rat ,rrr  srrr f i r r ;c ni th thc
l r t ' l ; r  o l ' l l t c  t  i tpar : i l i i l r ( : c  \ \ , i r \ rc  g i rgos .  . \  lo l  a l  o f '8  r ' i r l x t t : i t , i t r rcc  gag( rs  u 'cLc  usr r r l
i r t t< l  r l i t ta  \ \ ,as  Ic< : ( . r I t l t ' r l  f i l r ' 256  u , i t vc  pc t io< ls .  l ' i r l  c i r r :h  tcs t  a  <kr l ,a ik r r I  r lu ta  sc t
of 29 girgt 'krr : i r t iorrs is olr t , l i r rcr l .  Tlr is is r lorrc l rr ,  hct 'p ' rrg thc I i lst  gi lgc f ixrrr l
r r t r r l  r r rov i t rg  thc  r< ' t r r i t , i r r i r rg  7  g iLpSr 's  1o  I  t l i f f c rc r r t ,  lo r : i r1 , i< l r rs  a t r r l  l cpca , { , i r rg  thc
t 'x l rct i t t tct t ts.  Tlur r l ; t l i t  sc1 [ iout l , l rc - l  r l i f l i r rcrr t  nrrrs a1 thc f i rst  gl ,gc ( lor:atcr l

i l 1  . r ' -  , r . 2  r r r )  i s  l i r c t r  t r s c r I  t o  r k r t c r r r r i r r r ' l l r c  i r r i l , i i r l  c o n < l i l , i o r r s  ( s c c ' f l l r l c  l )
i r t r r l  ; r l so  t ,o  tcs (  t , l r c  t r 'pca ta l l i l i t v  o f ' t ] rc  r ' - rp r r r i r r rc r r t , s .  F ig r r rc  111 shorvs  1 ,h , '

% t l cv i i r t io t r  i r r  t l r t ' l r r ( l iu l  u , iL r ' ' t ,hc ig l r ts  a1 ,  t , l r c  f i l s t  g i rgc ,  iu r t l  shou,s  t ,h i l t  lhc
cxpt ' t i tncrrts ;r lc f 'a ir lv rcpea,tal t ler to u' i th irr  6%r r ' t lor ' .

' l 'hc 
u,tunc hcright arrrl l l 'ave periorl rlistributions lor all thc 18 tcsts iur:

s luru'rr  i t r  Fieurcs 16 anrl  17. Florn Tzr irkr I  l r rc r : ;ur sce that Tests I  to 6
Irin.r'tl ic strnrc initial llrlrr: periori r.l ' it ir thc rvavc hcight irrr:r'eirsing ft'orn Tcst
I  to ' f i rst  6.  Thc szrt tur hir- . ra,r<:hv t :x ists also for Tcsts 7 to 12 atrr l  Tcsts 13
to 18, lltt a,t <iiffclcut u,al'c pctiorls. Thr: {irst trvci group o{ tcsts lirl in t}re
rt:gitttt: l l 'het'e t,he: lt,ttt 'cs ttle ii loc:kerl irr t,he lirrcar lirnit by tlre ctrrrent. Thc
I i tst  glot t l r  of  tcrsts l ie. j rrst  abolc thc l i r rer:rr  bloching l i rni t .  Exc:cpt l i r r  Tests

0.2

l . )
1. )



l .  7;rrrr l  13. rvhelc thr.  nave irnrpl i t rrc les arc'verv stni t l l .  u,ar,c l r teakirrg rhrcr
to strorrg o1;posing r:rrrrt:nts u,a,s obscrrrcrl iri all tirer t,r.st (:ilsos. Tire shoa,lirrg
o f ' t l r r ' \ \ ' av ( )s  as  t l rc r 'p ropag i l t c  in to  thc  l r i r r ro \ \ r ing  char r r rc l  can  l rc  < ' l car lv

olrst ' rvcr l .  l i r i iouc<l l rv thc srrbsrrr l rrcrr t  <kr( 'ar.  of  u ' i lvr ' ( ' l lc lgv i rr  t i rc n:ul 'o\ \ '

l rart  ol  thc r :hanrrr : l  rhrc t ,o l rrar, 'c l r rca, l i ing l rrr l  l lkrckirrg.  Flrrctrrat iorrs i rr  t l ic

\ \ ra tc l  s r t r fz r t ' c  r l r t c  f t r  t , l r c  t , r t r l l t k l l r ( :e  i I r  thc  r : r t t rc r r t .  a lc  Icss  thar r  1 r : r r r  i r r r< l
rnal ic rryr thc nt i ise i r t  the st 'str : rn.  Tlurs,  u,hcrr tho l l : ) r 'c at trpl i t t t r lc fal ls to t l r r :

orrkl  of  thcst:  f l r rr : t rrat ions. thc \ \ r?lvc l )cr ior l  r l istr i lnrt , iorr  l rcr:ornes sr:ul , lcrcr l

I rr  Tcst,s I  iurr l  7,  r , r , l r rrre t l rc i r r i t ia l  rv i tvc arnpl i t t t rkr u,as ycrv strra, l l .  wir \( l
lcf lct  t iorr  t iont 1, l re l rkrr : l i ing point,  lva,s olrscrvclr l .  ln ' I i rst  1j ]  thc n'a,r 'c I lcr ior l
is. j r rst  alrovc thc rrr i r r i r rrrrrrr  rcr l rr i r rrr l  n, inrr  l l r rr io<l  { i r r  u,avc l r lo<: l<ing a,rr<l  n 'c r lo

rrol  cxpcr: l  :u l \ r  \v i l \ ( ' (  1o l rc l r locl icr l .  ILxvci ' t ' t  1, l r t 'sci t l . t t ' t  i t t  t l rc <l i l t , i t  st tggcst,s

t l r l l  f  l i c r r :  r r igh t  l rc  p i t t t , i i r l  u ' in , t ' l r lo r : l i i ng  (S t i l ss t r i c ; t t r r l  Dag i t t r .  1979) .  r r ' l t i r : i r

r l i s i r l r p c l r s  f o l  t h c  l i r l g c r  n ' l v t ' h c i g l r l s .  
' l ' l r t ' i r n r p l i t r r r l c  r l i s p t ' r ' s i o r r  c l f r ' r ' t s  o r r

t l r c  l o c i r t i o r r  o f ' l l r c  l l l o c l i i r r g  p o i r r t  c i r r r  l r c  c l c l l l r - o l r s t ' t r , r r r l  i t r  t l r c  f i l s t  g i o r r l r

o I  t c s t s  a s  t l r r ' \ \ , ? r \ ( ' i l l r i ] ) i i t r r < k ' i r r r : r ' c a s c s  f l o r r r ' f c s t  I  1 o ' f t ' s l  ( i .  S i r r r i l i r r '
a r r r l r l i t , r r r l c  c f i i r c ts  r : i r r r  i r l so  l rc  o l rsc rv r r r l  in  t l r c ' [ i r s ts  7  k r  12 .  F \o r r r  F ' ig r r rc  17

u,r, [irrtl lha,t thrr u,a,r,c shif'ts tti a lorrgr:r' pr:rio<l in Ttrsl,s ir ln<l fi. This s]ril l,

i s  r l r rc  t ,o  1 ,hc  g lou , th  o f  s i r l c  l l i u r r l  i r rs l ,a l r i l i t i cs ; r r r t l  i s  l l r c  r r r i rsor r  u ' l r r .  l l r c

\v i l \ 'os i rr  t l rcsc 1u,o tcst <:u,scs rkl  t rot  gct l rk ir :hrrr l .  Tlrcsc slr i f ' ts i l lso ot:r : tu i t t
' l i ' s ts  

f ) .  10 .  I I  a r r  L2  l r r r l ,  r r rc  r ro t  as  p ror r r i r rc r i t .  l r r  t , l r c  l ; rs t  g ror ip  o f  t t ' s ts

l l r c r c  i r l t ' r r o  s i p r r i f i r : i r . r r t  c f l i ' r : t s  o t ' t h r :  s i r k ' l r i r r r r l s .  
' [ ' l r c  

c v o l r r l i o r r  o [ ' l l r c  s i < 1 , ,
l r i r r r r l s  l h l o r r g h  l l r t ' r l o t r r a i t r  c i r l r  l r c  s t ' r ' t r  i t r  l l r r ' [ i t ' < 1 r t t ' n ( ' \ ' s l ) ( ' ( : t l i t  p l o l s  f o r  t h r r

r r r o r r o c h r o r r r i r ( , i r ' 1 , c s t , s  ( s c r ' . \ p l r c r r < l i x  l ) ) .  
' l ' l r c  

f i c < l r r c r r r : r ' s l r c t ' t l i t  l r i r v c  l l c c t r

l r k r t t c r l  o r r  i r  s c t r r i l o g  s r : a l c .  I ' l l  t ' a c h  r : i t s c  t l t r ' 1 t t ' r l t t c t t r : t ' s p t ' t : t t i t  h i n ' t ' l l t ' c t t

s r r roo l ,hc<[ r ' ia  B iL r lk r t t ; r r . r r r i rg i t rg .  g i r . i r rg  12  r l cg tccs  o l  l l c t '< lou t  i r r r r id . f '  =  0 .012

lt ' r , .

3.2 Wave reflection tests

\ \ : i r r . t ' rcf lcr : t iorr  f iotn thc l rkrr :k irrg point o(:(ruIS ott lv u ' l tct t  1, l t t ' i r rc i<l t 'nt  rr i l \ ' ( '

is srrr i r l l  crrorrgh strr :h that thcrc is rro \ \ ra\ 'o l l r t :uki t tg i t t  or l rc l i r tc thc l rkrr : l i i r rg
poirr l .  Sirrr : t '  \ \ ' i ry( '  ( ' rx l lgr.  c iLlrnot plr ipagatc l rcvott<l  lht '  l r lor:hir tg poit t l .  i t t t r l

no  ( ' r ro lgv  i s  los t  < l r t r '1o  \ \ r? l \ ' ( ' l ) r ' ( )a l i ing ,  1 , l r t ' \ \ ' i l \ r ( )s  g , r : t  l c f l c t ' t c r l  l rac l i .  ' f l r t '

r r ' f icclc<l  \ \ 'ar.cs iuc'1rer:r t i iar i t r  t l tc st ,nsc t l ia1, t l tc i t 'phttst :  spt 'er l  is st i l l  t t tovi t tg
;rgirirrst thc curr'<:rrt. Jlrt thcir gnnrp r,ekrt:itv rrro\' 'es u,ith thc r:lrlr'crrt. Iu olhrrr'

u,or'<ls thr: r', 'ave er)ergv is rvashetl <lorvrr lrv tltc r:ttt 't 'cttts. As tlrc w?I.\:os J)r'ol)a-
gat,e lirlthcl :t\\ril,)r fi 'orn thc |locking region, they t'otttiuttc'tct get slt,r' lr-'r' ir,ttcl

l 4



shtt t l . r rr .  The irr t : i r let t t  an<l ref l t :c: ter l  \ \ 'a\ ' ( 's srrpel i rrr l ' rosr.  to fbrrn thc l r . l t ical
norkrs irrrrl arrtirrorles lrattcrns in t,irr: ;rrn1;litrrrle errvc'lo1;e.

To sl ,r tc lv t l t is phertrorrrenor]  a t ,otal  t i f  15 tcst ( :ases wer 'o nrn. . l r rst  l ikc i rr
titt ' tt,at'c lrrcakirrg experittrorrt. tire tcsts rvcre rliviclt:rl intci thrcc glorrlts. E;rcir
glol l l )  t :ot ts ister l  of  5 tcst c; lses ha,ving a t : rxrst ;rnt  l la,r ,c l tcr ior l  i l r rr l  i t r t : rcasing
it 'avt '  ht ' ig ir ts.  Thc i t tc ir lcnt n:n'c l rc ights \()r 'c gra<hral lv i r rr ; rca,sr:r l  to strrr l r .
th t ' c l l cc ts  t t { ' t to r t l i t t car i t v  o t r  thc  shapr r  o f  thc  i tn rp l ih r rk r  cnvr ' lo l rc .  \ \ ia r .c
lr lot ' l i i r rg ot ' t : t t r rcr l  t : l t isc t ,o t l rc nal lorvcsl  part  of  t l r t :  t : l rulrrc l  ( . r ;  -  0).  Tr i
t : i tp t t t r t ' t , l t t ' r ,a r i ; r t io t t  i r t  t l t t ' a t r tp l i t t t r l c  sh i lpc  r : losc  1 ,o  t l rc  l r loc l i i r rg  rcg io r r .  ,1 i3

gi lg( '  nloa,st t t t : t t tct t t ,s nctc rr t i t<lc l lct l l ,cetr  ; r '  :  1. i l  t t t  i t t t<i  . t '  :  0.8 l I I .  - r \ t ,  oa,cl l
g i lg t ' lo t : i t t , io t t  t l t t ' t i tncsc t ' ies  l t i t vc  l rcc r r  l c r :o r '<kr r l  f i r r  25( i  r , r ' i r vc  l l r r r io< ls .  S i rn i la r
1o  t l t t ' l l l c i t k i t tg  u r i l vc  t , cs ts  a  rk r ta i l c r l  r la tu  sc t  r r i rs  o l r l ,a i r rc< l  l r \ .  r r r r l v i r rg  t , l r c
gi lgcs to r l i { lcrrrnt,  lor:at iorrs ;rrrr l  rc l lcal , i r rg l l rc t 'x l rcr i rncnts. ' l } r is n 'as r lorrc
( i  t i r r r t ' s .  ' [ ' h t ' i n i t , i a l  r : o r r r l i t i o n s  w ( ' l ( ' o l r t a i r r c r l  f i o r u  a  I i x c r l  g a g t ' l i c y r t  a t
. r ' -  .1 .6  rn .  i t t t r l  i s  t i t l r t t l i t t c r l  i t r ' l a l r l c  2 .  

' f lu r  
l c l rc l la l r i l i t v  tcs t ,s  ( t ' i g r r rc  l5 )

s l ro r r ' {h r t t ,  1 } rc  cx1 ; r ' r ' i r r r t ' r r t s ; r tc  r r ' l r l i r ta l r l c  to  n ' i t l i n  4 (X c l to l ' .
\ \ 'avc l rc ight i t t t r l  pct ior l  r i istr i l l r l , iorrs f i i r  i r l l  t l r t '15 fcsl  c i ls( ' r i  i r r 'c shorvr,

i t t  l i i g t t rcs  18  i r r r t l  19 .  S t :a . t t c r  i r r  the  w i l \ rc  l )o l io r I  r I i s t l i l r r r l io r r .  i r l  iou .  nar ' ,
i t t r r l r l i t , t t r l r : s  o ( ' ( ' l l l s  rh r t , t ,o  L l rc  r ro isc  in  t ,hc  s ) /s tc rn .  Apar t ,  I r 'o rn  th is  sca t , t , c r ' .
l l t t ' u ' i t r '< r  p t ' r io r l  r t ' r t tu i r rs  r :o t rs t , i t , t r { ,  [ i t r  i r l l  l hc  tcs l  ( : i l s ( ]s .  ' f l r i s  

i s  l rc r : ; r , r rsc  t l rc
tu ' ; t vc  l rc ig l r ts  i r t t ' l oo  s r r ra l l  {o  rk ' r , c lo l l  a r r r .s i rk ' ln r r r l  i r rs t ,a l r i l i t i cs .  ' f l r c  char rgc
i t r  l i r t ' shapt 'o l  t lLc  r r r r rp l i t r r r l c  c rnc lopc .  u ' i t l r  i r r r : r ' r rus iug  n . i rvc  a r r r l r l i t r r t k ' .  i s
clc i t t lv r . is i l r l t '$ ' l tcrr  l r , t ' r rro\ 'o f i 'onr ' l i rst ,  I  to l -r .  lnr l  therr a,gairr  f i r r  Tcsl ,s ( i  1,o
l0  i r l< l  Tcs ts  11  1o  15 .  I I r  1 ,hc  t :asc  o f  ' I i r s t  I l .  r r r : r :o r '< l i r rg  to  l i r rc in  t l r r ro r r ' "  r ro
l r lo t ' l i i r rg  s l to t tk l  o ( : ( ' l l I  .  l i u t  l l a r t i i r l  u ,a , r ' c  rc f l c r : l io r r  s l i l l  o r : r : r r l s  l rc< : i r , r rsc  th t '
t t '< l t t i t c< l  l l l o< : l i i r rg  t : r tL t t ' t t1 ,  i s  r : losc  to  lhc  r r r i r - r i r r ru r r r  t :u l l r : l r t  (S t iassr r i c  i r r r< l  Dr r -
g l t r "  1979) .  \ \ r i th  i t t< : tc i t s i t tg ; t t t tp l i l , t t rk r .  t l t c  l c r l r r i rc< l  l rk rck i r rg  ( : l l l r ' ( , r r l  tno \ .os
l i r l thcr int , i t t ' f lont l l rc rrraxirr l r rrr  ( :ul folr t , .  rr t rr l  r ro \ \ ' i l \1) r 'cf lcct iotr  l l i r l , t r rr l  is
ol lscrr ,cr l .  Tlrc l icr l r tc lrr : r .  s l l r : t : t ra f i r r  a, l l  t l rc t , r 's l  r : i lscs i rrrr  s l ton,rr  i r r  A1t-
pctr t i ix E. Tlrc f ic<l t tct t<;r 's1lct :hi t  l tarrc l tccrr  l lkt t tcr l  on i t ,  scrrr i log sr;a,kr.  Fol
t ' i t r ' h  r : i l s t ' t i t r ' [ i t ' r l t t cn t : r ' spcc t ra  havc  i rcc r r  s r r ro r i thc r l  v i i r  l J i r r t l c t t  i t r - r ' r ' i rg i l13-
gir . i r rg l2 r l<:grc<rs of f icet lonr anci  r i . /  ry 0.012 hz.
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Talrkr 1:  Paramertels
; l '  :  i l .2  t t t

frlr nronoclrrorrrirtic llreirli irrq \\rilve t(]sl,s rletelrrrincrl irt

Trrst No r ( ') TJ t'rrr 
.|

Sarnpl i rrg frcr l  (Hz)

1 .2 0 .012 83.333
L .2 0 .018 83.3:13
.J .,2 0 .033 8:J.3:13
4 . z 0.06ti 8:1 333
i ) . Z 0.095 8:1.3:l ; l
t ) . Z 0 .126 83. :133
7 t 0.0 l "4 76.92:J
3 J 0 .029 92:3
9 l t l t , T(;.9',2:\
i 0 ,, 0 .084 9',2:l
l 1 5 0.10.1 7(;.1)'2:J
l /

,i 0 .130 )'2:J
t ' )r . ) . t 0 .016 7 r.  t '29
t 4 . 4 0 .026 7 r . ,129
I '-r I . 4 0 .071 71 .4'29
l( i t . r 1 0 .096 71 .,1'29
LT I . 4 0 .1  17 7  t . 429
LE l . l 0 . l 4 i 7  L. I2 t )

1 0
Test Buns

1 5

i

oL
0 20

I r t  c i r k i t r g  \ \ ' ; l v c  I  ( ' s l  srnorrclt:hlotrtrtt it:
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Tcst No T ( s ) H n) Sarnplirrg f i 'cr1 (Hz)
I 1, .2 l2 83.333
z | . '2 1 n

I  r . ) 83.333
t 1 .2 14 83.333
I 1.',) 1 T

t .  i ) 8: l . l ] : ] : l
) | . '2 t ( ) 83 .333

(i L.'2 l . )
L .  ) ,33. j l : t3

7 I t
t . ' ) Llr 76.92:1

I t . )
1 . . ) l 8 76.92: l

I |  , )
l . ' )

,21 76 9',2:l
t 0 t , l

I . , ) 24 7ti.923
I 1 |  ' )

t . ' , I l-r 7(i 9',2:J
l z |  . )

1 . , ) 20 76.92:3
|  ' )
t , ) t . l 7  t . 129
l 4 1 .1 ' 1 , ) - l

I  l . L',21)
1 i r t . 4 38 71 1'29

Talrlc 2: P:rr':rrnetrrt's for rrrorrocrhrclnati(: \\ 'a\'c
:t: : 4.[i rrr

8  1 0  1 2  1 4
Test Runs

4

3

9
E

2

1

- l

I
I

- l

I
" 1r f

i

i
i

0

t 'cf l t 'ct iotr  1,csts r letelrrr i r rcr liIt,

for monochlomtrtit: \vave leflec:tion tesls:rtabi l i tv11 el l  ) (I i igurc 15:
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4 Random wave tests

Thr,r rrtotiviition fbl condrrcting randorn lv:rl 'e tests urirs t,cl studv the rlyrrirmic;s
of'the lvavr: field undt:r' blockirrg ancl currcnt limitcd lrreakirrg c;onclitions. Tci
<lo this 20 spectrzrl rlesign r;ottrlitiotrs lverr: rrsecl. The ainr rvas to rrse TN,{A
sllrrr:1,t'zt, fbr all ollr (:?lses, lnt this lvas not possibler ber::ursr:, rhrc to thc strong
{:urrt:nt, all the high lir:c1uun(iv conrl)orrents rvele bloclie<l at thc parlrlkr il,self.
Tltt: experiments rvcrc initi:rlly rlesignerl srrr:h that thcrc wt--re i) grorrps of'4
tcst cilscs. In <:u,r:h grolU) thr: peak fi 'crlucncy r,v:ls kclrt fixerl ancl thc cnrlrgv
of' t,ht: sper;trttrrt valictl. Brrt, tlu,l spectnrnr t:volvcs as it rnoves aga,inst t,hc
t:rrlrcrrt. rrrr<l thc sper:tnrnr rncil,surcrl at thc first gzrge slrowed that thc yrc:rk
1t'c<1ttr:trr:y shiftcd rlcrlrerrrling rrprin the \v:lv() errorgy of' tlrc sylcr:tnrrn. As a
rcstt l t , .  1,ht:  in i t ia l  s lrr :ctrnl  <lrrarr t i t iers f t rr  orrr  cxlrcr i rnt :nts l l ' t : lc rkrtcrnr inc<l
fiorrr tltc {irst gagc lvhich \\ras fixr:rl at t - -4.6 rrr. Thc lcsrrlts ilrc showrr
itr Tillrlc iJ itr t,crtns of thc signifir:ant rvar,c lrrright (H,) rtnrI sigrrificarrt l,Avc

l rc t io< l  (7 . ) .  < lc tc rn t inc r l  n ' i th  t lu '  he lp  o l  a  z ( ' lo -u l ) ( ' r 'oss i r rg  n rc thor l .  Thc
irr i t i l l  tcst  spe<: l , r 'a,  a,r 'o also shorvn irr  Figrrrcs 21 irrr t l  22.

F(rr  cacl t  t t :st  c;asc,3t l  gage lncrrsrrrornerrts werr:  rrr i l r l t :  l rc l ,wct:n r :  -4.( i

rrr ilrrrl t: : 4.61- rrr. 
'I ' lrt ' 

rlcta,ilc<l lrrursurolrrcrrt sct r,virs obta,irrcrl 1x' rrroving
lhc gagcs ilrrrl lepeatirrg t,ht: trxpcrimcnts lt tirnr:s. Figrrrc 20 shor,l,s tlra,t thc
cxlrcr i rrrcnts wrrre rcpci lbi l l r lc to rvi thirr  3 'X, for i r l l  1,hc lcsl  <:ascs. Thrr rct :or '<l
krrrgth ilt cach gil,go \\ri),s 1000 scconrls, tlrrri sirrrrpling licrlrrcrrr:r' rvils fixrrrl at
o0 bz. Tlrc signilica,trt, \r,a,vr: hcights irrrrl lreriorlsi \ver'o olrt,airrc<i lr,ith lhc hcllr
of  l , l rc zor 'o-ul)( :r 'ossirrg rrrcthr lr l .  i l r rr l  art '  shorvrr i r r  Figrrrcs 2l l  to 26. Thc lcsts
vatr- l tort t  t rrost of  thc spcr: tnrrn gr l t , t , i r rg ] l lo<:kct l .  t ,o i r l r rrost no l r lor:k irrg.  I rr  al l
t l to t<rsts rvi lve l rroaki t tg u'a,s olrsrrrrrcr l .  

' lhc 
f i r rr luctrr : \ 's1lct : t ra l l lots I i l l  a l l  thr:

tcst r : t rscs alc gir ,ct t  i t t  A111lt : t rr l ix F. Thc slrcr: t ra l r tn.c l lcrrrr  srrroot, l rcr l  rrs ing
a I lart lct t : rvcragirrg tet :hrr i r lur.  giv ing 24 r lcgrccs of f i 'cc<kln rrrr<l  d. /  :0.012.

22



Talrle 3: Sperr:tra.l par:rrnetr-.rs fbr r':rndom ll 'avc tcsts rleterrnincci :rt rr' : -4.6

rII

Test No. Z, (s) f f

f l . s (rrr )
1 1 .09 0.037
L l . t 2 0.0'17

t . 77 0.Oti
,| 1 .19 ) .066
lt r .18 ).03i.r
6 1.',2 ).0,18
7 l . '24 ) .06t i
6 t.2l-r ) .082
9 I  t - , ) .04I r
10 r .27 ) .066
1 l 1 . )

1 . . ) )  084
t') l . ; 11 ) .099
t . )r , ) |  , )

I  . , ) 0 043
l4 l . :J2 0 .061
1lr |  . ) . )

1 . . ) ! ) 0 .08
1(i l .3 t i ) . 098
L7 1 ' , t7

L . t t l ).0;Jtt
i 8 1 .42 ) .054
t9 r .46 ) . 07 I
20 t . 47 ).08t;

o

5  1 0  1 5
Tesl Runs

Rcpeatabi l i ty fbr landorrr

' " ' l

l

l
;

wa\re

:l 5

2 . 5 1

2 " 1

;
. .  l s l

l r

0 . 5 :

o
0

F i  r r r r l p  ' )O '

Z J
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5 Narrow banded wave spectra

Experrinents \\rcl'c :llsci r:oncluctccl rvitir narro\,v bantlcrl wil\rt,r spet:tr':r. ' lhese

t,csts urctr: rlivirlr:<l int,o trvo parts Warrr grolll)s (rilrtaint:rl fi 'cirn a ltit:irro-
ttt;ttic s1'rt:ctrttrn) ilncl lr'avr: p:r<:kcts (obtainccl li 't irn a rrornrally rlistril lrtcrl
spct: t r t tnt) .  Tht 'ai t r t  r 'v i ls to scc t l tc ef fr :c ls r i f  a rnovirrg l rkrr : l i i r rg poirr t  rhrc t t i
a rnrlrlrrl:rtirrg ll 'avcr train.

5.1 Wave group tests

\\ 'ritrtrr grollps utrrtr t:orrstrttctcrl lrv srrlrcr'1rosiug tu'o rrronochlorna,t,ir: \\,i l\()r)
I t i t r . i t tg t l te sa,t t re a,tnpl i t rrr lc brr t ,  s l ig lr t lv r l i f f t lcrr t  l i 'cr l rurn<: ics. Tlur r l i f lcrr .r l rc
lr t '1 u,ct ' t t  t l tc f icr l t t t : t t t : ics r lctrrrrnining t l rc rnrrrr l lcr '  o l 'u,a, l 'cs in a grorr l l .  I r  al l
j i  r l i Icr t : rr t ,  scts t t f  w?r\ ' ( '  grol tps u,r l rc rrscr[ .  I i ;x:h sct r :orrsistcr l  o[ ' .1 r l i f f t r rcrr t ,
( ' l I ( ' r 'gv Icr,els,  t t ta,ki t tg a tot i l l  of  12 furst ,s.  

' I ' l rc 
tcsl  par ' l i r : rr la, ts i l rc givtrrr  i r r

- [ 'a lr lc,1.  
Sirrr i lar ' lo t l tc tat tr lortr  \va\,( ]  lcst .s.  lJ6 gagc rrrcasrrrcrrrcrr t ,s nclc rrr l ,<lc

f i r l  c i t t : l t  t cs t  l rc l ,u , t :o l l  . l i :  -4 .6  rn  a , r r r l  r r :  = '1 .61  r r r .  l r v  r r r r l v ing  t l rc  ga ,gcs ; r r r r l
lc l rcu, l i t tg t l te experi t rrcnts i r  t i rnes. Figrrrc 27 shorvs l ,hat,  1,hc cxl lcr i rn<rnt,s
\\()r'e rcJ)eatabkr 1,o r,r,ithirr l]%, Ior all thr: tcst <:rrsers.

Tl t<r I i 'er l r tcrtcv slrct : t t 'a a,t  t l tc f i rst ,  gagc (rr :  :  - ' t .6 rn) f i l  a l l  1,hc tr :st
( : i lscs i l , Io sl torvn i t t  Figurc 28. From thc f igrrrc i t  is olrv iorrs that thc i t r i t i i t l
s l r t ' r : t l i t  is t tol ,  l r i t ;hrotr tat ic.  For thc la,rgcr \va\()  alrr l ) l i t r r tkr 1,csts.  \ \ r i rv()  c)rrorg\/
is 1, t ; t t rsfcrtcr l  t t t  thc sir l t ' l la, t rr ls.  Ti iure is also i r , rr  cxt l i r  \ \ ,a\rc ( 'orrr l rorrcrr t  l t ,  i r
I r t ' r1t t t ' t t t :v s l ight lv grea,{,r : r  tharr t  hz. Tlrrr  r : losrrr  t l rc l i '<rr l rrcrrr : \ '  o1'  orrc o1'  lhc
<lcsigtr  wi l \ , ' ( ' ( :olnpottcrr ls to I  hz" t l r t 'g lca,t , rr l  is 1.hc olr()r 'gv rr t  this trrr<l t 's i rc<l
\ \ I i l , \ ' ( '  ( 'or l l l lot tcnt, .  Tl t t '  t : iutsc for t l r is r t rronr i lkns l rchavir l r  is crr l lcrr t l r .  l rc irrg
strr<l icr l .  Tlr t '  r :ort 'cslrotrr l ing t i r rrc srrr ics for t l rcsc tcst,s i rrc shou,rr  i r r  l ' igrrrcs 29
irrr t l  30. Tl tc t ' r 'o l t t t i r i r r  of  t i rc Irur l rrr : rrr :v s]rcctr ' ; r  arrr l  colrcsl lorr<l in13 t i r rrc scr ics
f i rr  al l  t l r r :  tests is givcu in r \ppcrrr l i t :cs I  arxl  ,J.

5.2 Wave packet tests

\\Iitvt' pat:kcts havc b<ren gcrrrrra,tcd lvitlr
( [ l l ( ] rr( : \ r  s l lcctra. Fr l l  ort t '  cxl lcr i tncrrts 12
irtcrl. .Jrrst like irr the casc tif thu lr,ave
rl iy i<icr l  i r r to 3 scts.  Each sct r :onsist inq

tirer hcl1l of Garrssirrrr shalrrrrl flc-
rlesigtr tcst t:orrrlititirrs u,ele gorrcrr'-
groul)  t<rsts.  t i t<:sr:  tcsts har,c l rcctr
of' 4 clificrcrrt tcst conclitions u,itlr

30



Tabler 4: Pa,r'arnctcrs fil ' ),V

6

Figule 27: Il.epe:rt:rbility for rv:lvt: glorrp tcsts

.1 .6 nr

3

2

:
q

Test No. 7' ( t ) zz (s) I .  ( rn) Szrrnpling fi'cq (hz)
1 t )6 r .2 ) )28 88.889
L L )6 1.2 ) )54 88 .889
,) 1 1 t 2

l . L ) )28 87.91',2
4 1 1 1.3 ) l t4 87 .912

I l t | ,)
a , i ) ) )25 82.0111

(i L 5 |  . )
1  . . ) ) )iril 82 .05 i

I L J ( ) 1.2 ) X;8 88 .889
8 I X; I . ' 2 ) )98 88.889
I I t ' )

l . i ) ) XiB 87 .9  1  2
I0 1 I l ' )

l . ! ) )83 87 .912
t1 l-r 1 , )

l . r ) \7-l 32 .05  1
t2 lr I t

1 . r ) )89 82 .051

D 1
J 1
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Tabler 5: P:rlameters fiOI'  WAVE DACKEI TESIS ( IEIEI 'MII ] (

Test No. 4, (.) H,, , r , ,  ( tn) ( \

1 7.125 0.0175 0 .08
z 1.r25 0.035 0 .08
.) 7. t37 0 .013 0 .15
Aa 7.137 0 .02 0 .15
5 1.2I9 0 .017 0.08
() 1.279 0.032 0.08
7 I . I25 0.07 0 .08
8 I . t25 0 .094 ) .08
o 1.137 0.031 ) . 1J
I0 1 .137 0.01-r ) . 15
l1 1 .219 0 .054 ) .08
t'2 1 .219 0 .084 ) .08

te :cl at :r : -4.6 rnket

vitrvittg cllcl'gv t:orrterrl. Tlrc r:rluatiorr Iitr lhc rlcsign spcctril lvas gir,<rn lrv

(3)

lvltctc, .[, is the 1lca,k fi 'crlrrcrrr:v. anrl 7 anrl (v ilrc r:oeffir:ierrt,s rlctcrrnining t,hc
( ' I IoI l l \ , ' t :ort t ,c: t t t  rr t r<l  u, i r l th o1' t ,hc spcr: tnrrrr .  ' l ' l rc largelr  thc vtr l t re of ' rv.  1,hc
Icsscl  t l tc t l t t t tbet ol  i t r r I i r . i r l r r i l l  rva.r 'c ( :olnl)orr( ] l r ts i r r  thc pa,r:kct.

fht ' t i rnc st :r ' ics o1' t ,hrr  r , r ,avc Pat lr l lc rrrot ion f i r r  thc 12 t :as<:s a,r 'c s lrrxvrr
irr Figurcs ll1 :rnd ll2. Urtlorttttt:11,111., 1rr. t,hc tirrrc t,lt(. l l, irr.(r 1ra,r:hct, r'ca<:hctl
thc lirst gttge (rr: ,1.6 rrr), t,he par;kct harl rlifhrscrl orrt. krtrrlirrg t,o nnrcir
srt t i l l lcr  u 'avc hciglr ts (see Figurr, :s 3l l : r rrr l  i34).  This is spt:r : i i r l lv tnrr :  for ' I t rst
3. u'here tht: sign:rturc of thc wavc pac:kr:t hzls lrt:r:rr all brrt lost in thc noise
of'thc 'lvaterr sttrfac:e. Thr: tcst p:irtic:ulars lor thr: rv:rve pirc;kr,'t tcsts irre giverr
irr Tirl;le i). 1I,,,,, ', is thc rnaximum wavc hciglrt irr the r,vave packe,t,.7;, is thc
pcak pcliorl a,rrrl rr is thc palarrteter rrsecl in (3). The rnorlulation of ther lvzrve

1.riu:licts as tltelv travel through the blor;king rcgiorr. and their r;olresponcling
ftc<lttertct'speclra arc givctr irr Appcrndiccs K arrcl L. The sarnpling ft'eclucncv
f i rr  al l  tht :  t r :sts is 100 hz.

r  {  l '  l ' " . \2
, S ( . 1 )  -  -  t ' x p ( - { ) . . r l L - - - 2 L ;

r / ' 2 r t t  r t '

J D
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A Naming convention used for the data files

Both thc AD\r attcl tltc \vil\re girge clata ha.r't: irccrr sl,rllecl in arr AStIII l ixrrrat.
Tltc n'uve gitgc rlatil is strlrerl as a tirrrc sclics of the $ratel srrr'Iar:e irr r:rrr. Tht'
' \D\-  <lata is storrrr l  a,s rr  t i rnc sr:r ' ics of the vekrt : i tv in <rnr/s.

'fltc 
ttarttitrg cottventiorr lrlr tltc u,a,r,e gl,gc rla,ta filr tlrn rliffercnt, cxJrcri-

l l tonts is l ra,scr l  ot i  t l tc <lat,cs orr u,hich tht .r :xncr irrrcnts urcrc stnr ' { , r : r l  ; r rrr l  is
gir.ctr ilr.

glQ a4 e r r, ol - c..ld, u,t c)tlt r :,st r t, o)

rr,ltcIc. lquqr, rr,o) significs thc girge krcal,iorr. lt,rst rt,o) thc t,csl, inxl lrl,rt,tr:)
l l rc 1ra,r ' t i r : rr la l  sct r i {  cxpcr irrrcrr ts.

Monochromatic breaking wave tests 
- Ihcsc 

cxlrcl i r rrerr l ,s i i rc t lcrrotcr l  lx '
t l , t t , t t :  -  rrr , t t , t1L5. Thcrc i rr t '  l8 r l i f i i ' r t 'nt  tcsts i rrrr l  car: l r  tcst t  orrsists o1'29
g i l g ( '  I n ( ' i r s u l  ( ' 1 i l ( ' l r l  s .

Monochromatic wave ref lect ion tests 
' l 'hr ,sc 

cxlrcr i rrrcrr l .s a,r ' r ' rk ' rrot ,c<l  l l '
t l ,u, t , r :  :  t t , ru1, l l0.  ' f l tctc 

atc 15 r l i l f t ' r rrnt  t t 'sts arrr l  cat:h t ,cst,  <:orrsists of ' , l jJ

l l i r l l ( '  l l  l ( ' i l s u  I  ( ' l n ( ' n l  s .

Wave group tests ' I ' l rcsc r :xpt:r i rncrrts r l r r '<krrrol ,r '<i  lx,  r l ,u, t , t '  :  ,sr ' .p18. ' f l rcrc
i t tc l2 r l i { l i r l t ' r r t  tcsts i t rrr l  t : r rc:h t ,cs1, rronsists of i } [ i  g ir13c rrrca,sr l rr : rrr<rrr ls.

Wave packet tests Tlrcsr 'cxlrcr i rnunt,s anr <lcrro|cr l  6,  d,rr , t r '  :  sr :p26. 
' l ' l r<rr ' , '

i t t c  L2  < l i f l i r rc r r t  t cs ts  i t t r< l  c i t t ' h  tcs t  cor rs is ls  o f  i J6  gagc  l r r ( ) i rs r r r r : rn t ' r r t s .

Random wave tests 
' I ' l r t 'sc 

cxlrcr i rrrr : rr ts i r r t ' rk ' rrotcrI  lx '  d,r t , l , r :  -  or ' t ,09. Tlrclc
i t rr '20 r l i f lcrcrr t  tcsts arrr l  <rar:h t t 'st  corrsists oi  i3[ i  uirgc rrrc; i l ; l l lcrrrcrr ts.

' l ' i r t '  
AD\r r lat i t ,  t t tc: tsurt t t t tct t ts u,crc rrrrLrkr i r r  l l rc l i r rrn of ' r . rrr t i r :al  prof i les

o1' lhc l tot izott ta, l  <rt t l ' r ' ( ' l r t .  The niurr i r i t t  r :orn.errt iorr  for t l r t 'AD\r r l i r , ta is a-
lirlkxvs

JUL[po,s r t  o)Sl 'pr of  no].VEL

rvltcrcl l1to,s rr,o] rlt:ttotcs thc vr:rtit:irl positiorr o1' the rneasrlrorncrrt in a

1r'trfilc. a:nrl l1trut.f zlo] rlcrrotcs t,hc partir:ulin' lrlofilc. Thrtrc arc ir tota,l of 26
profilc Ilrerlslnelrrcttts arrrl thcir 1-lartir;rritrrs alc given in Tzrlrlc 6. Each profik:
t'ottsists of 14 r,t'r 'ticitl tncitsttt'crntettrt lrit:irtious. rrn<l tireil ek:r'ation fiorrr thr
stil l l l,a,tel sulfacc is riiven in Tilblc 7.

4 I



e  ( ) :  l ' r ( ) n l c ' (

J)rof no ;r ;  I )os. (m) y llt vcloc: i t r . ' f ie ld

I ,1 ,)- + .  L t l 25 crrrrcrrt rirrh,
2 -4 .2 0 .50 crrrrerrt rlnlv
.) -4 .2 0 .75 crtrrcnt onh'
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B Gage positions for the different experiments
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