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1. In trod u ction

T he sh rin k in g  rese rves of fossil fuels in  com b ina tion  w ith  the  in creasin g  en erg y  d em an d  have en h an ced  the 
in te res t in  su s ta inab le  an d  ren ew ab le  en erg y  sources, in c lu d in g  w ave  energy . In  o rd e r  to  ex trac t a  considerab le  
a m o u n t o f w av e  p o w er, la rg e  n u m b ers  of W ave E nergy C o n v erte rs  (abbrev ia ted  as W ECs) w ill h av e  to  be 
a rran g ed  in  a rray s  o r fa rm s u sin g  a p a rticu la r geom etrical layou t. T he opera tio n a l beh av io u r of a sing le  device 
m ay  hav e  a positive  o r  negative  effect on  th e  p o w er a b so rp tio n  o f the n e ig h b o u rin g  W ECs in  the farm  (so-called 
near-fie ld  effects). A s a  re su lt of the in te rac tion  betw een  th e  W ECs w ith in  a farm , the  overall p o w e r ab so rp tio n  is 
affected. F inally , the  w av e  he ig h t beh in d  a la rg e  farm  of W ECs is m od ified  w h ich  m ay  influence neig h b o u rin g  
farm s, o th e r u sers in  the  sea  o r even  th e  coastline (so-called far-fie ld  effects).

Several num erica l s tu d ies  on  large W EC  a rray s  h av e  a lread y  been  p e rfo rm ed  (e.g. T roch  e t al., 2010; C hild , 
2011; B orgarino  e t al., 2012), b u t la rge  scale ex p erim en ta l s tu d ie s  on  near-fie ld  a n d  far-fie ld  w ak e  effects of la rge  
W EC a rray s  a re  n o t availab le  in  lite ra tu re . W ith in  th e  HYDRALAB IV E u ro p ean  p ro g ram m e , th e  research  
p roject W E C w akes (S tratigaki e t al., 2011; 2012) has been  in tro d u ced  to p e rfo rm  experim en ts  on  la rg e  a rray s  of 
p o in t ab so rb ers  fo r d iffe ren t lay o u t co n figu ra tions an d  in ter-W EC  spacings. T he a im  is to  v a lid a te  a n d  fu rth e r 
d eve lop  th e  app lied  num erica l m e th o d s  (Folley e t al., 2012), as w ell as to  o p tim ize  th e  geom etrical la y o u t of 
W EC a rray s  for real app lica tions. A  scale m o d e l of such  a p o in t ab so rber W EC h as  b een  d ev e lo p ed  an d  
o p tim ized  ex p erim en ta lly  (Fig. 1). T he m odel has  been co n stru c ted  in  the w o rk sh o p  of G h en t U niversity . Its 
geom etry , constru c tio n  an d  opera tio n a l b eh av io u r is sim ple , a llo w in g  the p ro d u c tio n  of th e  m o d e l in  la rge  
n u m b e rs  fo r exp erim en ts  on  large  scale in  the Shallow  W ate r W ave B asin of D H I, in  D enm ark .

Figure 1. The developed generic poin t absorber WEC durin g  experim ents in: the w ave flum e of G hent 
U niversity, Belgium (left); the w ave basin of Q ueen 's University  Belfast, N orthern  Ireland, UK (right).

2. C haracteristics o f th e  sca le  m o d e l

A generic  p o in t ab so rber (buoy) has been  d ev e lo p ed  w ith  a  to tal h e ig h t of 61 cm , a h em ispherica l bo ttom  a n d  a 
cy lind rica l PVC p refab rica ted  u p p e r  p a rt (Fig. 1). T he b u o y 's  d ra f t is 31.5 cm , equa l to  its  d iam eter, w ith  a  to tal
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m ass of 20.545 kg. T he W EC has only  o n e  deg ree  of freedom : it is res tric ted  to  h eav e  m o tion  a lo n g  a  vertical, 
sq u are , ho llow  sta in less steel ax is th a t is an ch o red  in  a concrete  sq u a re  cem en t base. T he axis passes th ro u g h  a 
sligh tly  la rger sh a ft b ea rin g  in s id e  th e  dev ice , w h ich  co n tin u es over th e  to ta l h e ig h t of th e  bu o y  to  avo id  w ate r 
infiltra tion . T he sq u a re  fo rm  of th e  axis h in d e rs  ro ta tio n . T he m o v em en t of the  bu o y  in  th e  h o rizo n ta l p lane , d u e  
to  the  m arg in  b e tw een  axis an d  sh a ft bearing , is p re v e n te d  by  tw o  PTFE bea rin g s a t th e  to p  an d  b o ttom  of the 
buoy , chosen  fo r th e  low  fric tion  coefficient on  steel. T he p o w er take-off (abbrev ia ted  as PTO) is sim u la ted  by a 
m echanical b rake , th ro u g h  w h ich  th e  ex trac ted  en erg y  is lost by  friction. T he PTO  consists  o f 4 sp rin g s, exerting  
a  n o rm al force on  tw o  PTFE-blocks o n  top  o f th e  b u o y , w h ich  a re  p re ssed  ag a in s t th e  axis.

3. D eveloping the p o in t absorber WEC m odel

F or th e  p rep a ra tio n  o f th e  large  scale exp e rim en ts  in  th e  w av e  basin  a t D H I, tests  h av e  b een  p e rfo rm ed  in  th e  
w av e  flum e o f G h en t U n iv ers ity  (Fig. 1, left) a n d  th e  w av e  basin  o f Q u e e n 's  U n ivers ity  B elfast (Fig. 1, righ t). The 
m o d e l is be ing  te s ted  u n d e r  th e  ac tion  of reg u la r an d  irreg u la r long- a n d  sh o rt-c re sted  w aves, fo r fo u r d ifferen t 
te s t cases: w ith o u t th e  p resen ce  o f the  buoy ; w ith  th e  b u o y  as fixed obstacle; w ith  th e  buoy  b u t n o  d am p in g  
ap p lied  th ro u g h  th e  PTO; an d  w ith  th e  b u o y  an d  d am p in g  ap p lied  th ro u g h  th e  PTO.

T he m o d e l is b e in g  tes ted  fo r rep re sen ta tiv e  w av e  co n d itio n s of severa l E u ro p ean  C oun tries  (e.g. B elgium , 
F rance, G erm an y , P o rtu g a l, D enm ark , T he N etherlands).

3.1 Experiments in the 2-D w ave flum e of Ghent University, Belgium
T he first series o f exp e rim en ts  h a s  b een  ca rried  o u t in  th e  la rg e  w av e  flum e o f th e  lab o ra to ry  a t G hen t 
U niversity , w h ich  h a s  a w id th  o f 1.0 m  a n d  a  w a te r  d e p th  of 0.7 m . T hose  exp erim en ts  a im  a t the stru c tu ra l 
tes ting  of th e  m o d e l (rig id ity  o f vertical axis, base  stab ility  fo r d iffe ren t in s ta lla tion  techn iques, in te rna l friction  
issues, etc.) a n d  the o p tim iza tio n  of the m easu rin g  techn iques fo r th e  vertical m o tion  o f bu o y  (using  cam era , 
p o ten tio m ete r o r LVDT), as w ell as fo r the  h o rizo n ta l m otion  o f th e  vertical axis o f th e  W EC  (using  a  cam era).

T he h o rizo n ta l m o v em en t o f th e  vertical axis of th e  W EC is lim ited , in d ica tin g  a  su ffic ien t b e n d in g  stiffness, 
w ith  th e  best re su lts  ach ieved  w h en  the  base  is m oored , w h ile  th e  in fluence  o f th e  m easu rin g  techn iques u sed  for 
th e  bu o y  m o tion  h a s  been  d e te rm in ed . In  th is ex p erim en ta l se tu p , th e  reflec tion  from  th e  s id ew alls  does n o t 
a llow  in v es tiga tion  o f th e  bu o y  m o tion  an d  th e  w a te r  su rface eleva tions, as th e  buoy  d iam e te r is la rge  co m p ared  
to  th e  w id th  o f th e  w av e  flum e.

3.2 Experiments in the 3-D w ave basin of Queen's University Belfast, Northern Ireland, UK
T he sam e series o f te s ts  h a s  been  p e rfo rm ed  in  the w a v e  basin  o f Q u een 's  U n ivers ity  Belfast, w h ich  is 15 m  w id e  
an d  17 m  long, w ith  a w a te r  d e p th  of 0.61 m . T he experim en ts  in  th e  w av e  basin  a im  a t th e  tu n in g  of th e  PTO- 
sy s tem  for the  w a v e  co n d itio n s o f th e  large  scale ex perim en ts  in  D H I, con cen tra tin g  o n  o p tim u m  p o w er 
abso rp tion . M oreover, th e  in fluence  of the  W EC m odel on  the  w av e  fie ld  a n d  its  vertica l m otion  h av e  been 
investiga ted , w h ich  w ere  n o t possib le  in  th e  w ave  flum e. M easu rem en ts  o f the  vertical m o tio n  o f th e  buoy  u sin g  
a  po ten tio m ete r an d  of th e  w a te r  su rface  e lev a tio n  u s in g  a  n e tw o rk  o f res is tive  w av e  g au g es h av e  been  taken.

D uring  th e  te s ts  in  th e  w av e  basin , th e  rep ea tab ility  o f th e  (u n )d am p ed  bu o y  m o tion  h a s  been  confirm ed, 
in d ica tin g  the effectiveness o f the  d e v e lo p e d  PT O -system . O p tim u m  p o w e r  a b so rp tio n  h a s  been  achieved.
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