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1. Introduction

It is k n o w n  th a t th e  ap p ea ran ce  of tid es  can  cause  s tro n g  cu rren ts  a lo n g  the shore. P a rticu la rly  n ear 
ports , these cu rren ts  can  cause  p ro b lem s for sh ip s  leav ing  an d  e n te r in g  th e  po rt. O u r p u rp o se  is to 
crea te  a  m odel th a t a llow s to  n u m erica lly  investiga te  th e  effect o f m easu rem en ts  to  locally  red u ce  the 
cu rren t's  m ag n itu d e . Possib le m easu rem en ts  a re  th e  crea tion  of b reak w ate rs  o r artificial is lan d s a n d  the 
in s ta lla tion  o f tu rb in es o n  th e  b o ttom  of the  sea estu a ry . A s a firs t s tep  in  d ev e lo p in g  such  a m odel, a 
v a lid a tio n  exercise is done , rep ro d u c in g  te s t cases from  lite ra tu re . H ere, O penFO A M  (Silicon G raph ics 
In te rn a tio n a l C orp., 2011) is chosen  to  num erica lly  solve the  tid a l flow  m otion . T he m odel uses a fin ite 
vo lu m e m eth o d  on  a collocated  u n s tru c tu red  g rid . In  th is  p ap e r, shallow W aterF oam , so lv ing  th e  tw o 
d im ensiona l shallow  w a te r eq u a tio n s, is u se d  as a s ta rtin g  p o in t, w ich  w e  ex ten d e d  to  su it o u r  pu rp o se .

2. OpenFoam

O penF O A M  is a  free, o p en  source CFD  so ftw are  package. O penF O A M  has an  ex tensive  ran g e  of 
fea tu res  to  solve an y th in g  from  com plex  flu id  flow s invo lv ing  chem ical reac tions, tu rb u len ce  an d  heat
tran sfe r, to  solid  d ynam ics an d  elec trom agnetics. T he p ro g ra m  p ro v id es  a 2-D shallow  w a te r  so lver,
th a t h o w ev er n eed s  som e ad ju s tm en ts . O penF O A M  has th e  benefits o f be ing  open  source, th a t m eans 
th a t th e  C++ co m p u te r lan g u ag e  is free fo r ad ap ta tio n  by th e  u se r a n d  th u s  g ives the  u se r  th e  freedom  
to  ex tend  th e  sou rce  code fo r specific en g in ee rin g  p rob lem s. O n  th e  o th e r  h a n d , it req u ires  m ore 
im p lem en ta tio n  since th e  s ta n d a rd  so lvers in  O penFO A M  are  n o d  dev e lo p ed  for th e  specific p u rp o se  
w e  h av e  in m ind  an d  th u s  need  to be  ex ten d e d  w ith  ex tra  source  term s: b o ttom  stresses an d  tu rb u len t 
stresses  (eddy  viscosity) a re  n o t in c lu d ed  an d  w ill be a d d e d  in  th e  so u rce  code. T he so ftw are  also 
deve lops an  u n stru c tu red  m esh , w h ich  is m ore  flexible th a n  a s tru c tu red  m esh  a n d  is therefo re  m ore 
con v en ien t fo r com plex  geom etries.

3. Validation

Im p lem en ta tio n  of a p ro b lem  case in  the so ftw are  req u ire s  so lv ing  o f som e issues. For in s tance  it is n o t 
so  con v en ien t to m o d e l a tida l w av e  in  an  e s tu a ry , a special k in d  o f b o u n d a ry  co n d itio n  is n eed ed  th a t 
c reates a v a ria tio n  o f the  w a te r level. O th e r issues concern  th e  g rid  size, h o w  m u ch  e lem en ts does a g rid  
n eed  to  h av e  in  o rd e r  be accu ra te  en o u g h ?  A lso, for th e  convective te rm s a n u m b er o f d iscre tiza tion  
schem es a re  availab le , b u t obv iously  th ey  a re  n o t a ll eq u iva len tly  accurate. A n o th e r issue  req u ire s  the 
im p lem en ta tio n  o f a non-reflec tive  b o u n d a ry  so  th a t the  in te rna l so lu tion  is n o t d is tu rb ed  by n o n ­
physica l w av e  reflection.

In  o rd e r  to  so lve th is m atte r , th ere  is a  n eed  o f reference. In  lite ra tu re  d iffe ren t v a lid a tio n  cases a re  
ava ilab le  th a t focus on  so lv ing  th e  2-D sh a llo w  w a te r equa tions. In  genera l s im p le  te s t cases a re  u sed  
w ith  a so m ew h a t sim p le  geom etry  o r s im p le  bo u n d arie s . T hese cases a re  reb u ilt in  O penF oam  a n d  the 
re su lts  a re  co m p ared  w ith  the lite ra tu re  d a ta  fo r d iffe ren t g rid  sizes, d iffe ren tia tio n  schem es and  
b o u n d a ry  cond itions. W e com pare  the  re su lts  fo r a firs t o rd e r  u p w in d  a n d  TVD d iscre tiza tion  o f the 
convective fluxes. T he level of accuracy  for the  schem s availab le  in  O penFO A M  is in v es tig a ted , u sin g  a 
rig o ro u s  g rid -convergence s tu d y . A s such  th e  exact o rd e r  of accuracy fo r th e  p ro b lem s u n d e r  s tu d y  is 
ev a lu a ted . A  R ichardson  ex trapo la tion  m e th o d  serves th is pu rpose .
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T he first set of te s t cases does n o t in v o lv e  a  tida l w ave:
•  2-D d a m  b reak  p rob lem  (e.g. W ang  & Liu, 2000): th e  ev o lu tio n  of th e  w a te r  fron t a fte r d a m  b reak  is 

m o d elled  d u rin g  th e  tim e th a t th e  w a te r d o e sn 't reflect th e  w all a n d  th e  d ep th -in teg ra ted  ap p ro ach  
rem ain s  valid . T his case in v es tig a tes  th e  n u m erica l stab ility  of th e  schem e fo r a ra p id ly  v ary ing  
u n stead y  flow  (F igure 1).

•  F low  p assed  over tw o  c ircu la r p ie rs  w ith  rec tan g u la r bed (G uillou  & N g u y en , 1997) o r  w ith  
trap ezo id a l b ed  (H ervouet, 1992): In  th is  case an  obstacle  is p laced  in  a  channe l c rea tin g  tw o  vortex 
streets. T he w a te r  e leva tion  in  th e  m id d le  o f the chan n e l a t a  ce rta in  tim e a n d  th e  vo rtex  flow  
p a tte rn  a re  co m p ared  w ith  resu lts  from  lite ra tu re .

O th e r cases inc lude  a tid a l w ave:
•  A  sim p le  s in u so id a l w av e  p a ss in g  a rec tan g u la r channel (M asson, 1995): th is  case a llow s to 

co m p are  th e  num erica l re su lt w ith  th e  ana ly tica l resu lt.
•  A tid a l w av e  e n te r in g  a sq u a re  h a rb o r  tro u g h  a  sm all en tran ce  an d  c rea tin g  a  la rg e  e d d y  (D aoud  et 

al„ 2008).
•  C ircu la tion  b e h in d  a s ing le  b reak w a te r para lle l to  th e  sho re line  (D aoud  et a l,  2008).

4. Conclusions

In  o rd e r  to  m odel th e  m ain  p ro b lem , th e  O penF oam  2-D sh a llo w  w a te r  so lver first h a s t to  be  valida ted .
This p a p e r  describes th e  im p lem en ta tio n  o f v a lid a tio n  cases k n o w n  from  lite ra tu re , as to  assess the
so lver's  accuracy  a n d  su itab lility  fo r fida lly  v a ry in g  flow s n ear sh o re lines an d  ports.
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Figure 1. Isolines of free surface elevation at time 7 s for the 
2-D dam  break case.
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