
The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNaval  Architects  of  Japan

                                                                                  129

                       (wr In 47 ff le H N *  inde ma\k  st"  su ma ft lc is vs -c as ts)

               A  New  Flap-type Wave  Maker  without

                             Water  on  Back Side

                                                      Kaname  Taniguchi', Member

                                                      Hironao Kasai**, M/ember

                                        Summary

  A  new  type wave  maker  without  water  on  back  side  was  developed  and  installed in the  Seakeeping

and  Manoeuvring  Basin oi  Nagasaki  Technical  In$titute, M.H.I,  The  design theory  of this new  type

wave  maker,  construction  device of  the  gap  of  the  flap ends  assuring  water  tightness  as  well  as  no

disturbance  on  wave  making  and  the system  design are  clescribed, followed by  a  description of the

new  type  wave  maker  of the  Basin.

                                    1. Introduction

  The  flap-type wave  maker  has been  used  widely  in various  experimental  tanks. owing  to its sim-

plicity and  reliability.  The  theory  of  wave  making  by  a  flap is wel!  established  and  the agreement

with  the experiment  is also confirmed,i)  However,  the flFp-type wave  maker  generates waves  on  the

both sides  of  the  fiap and  the waves  generated  on  the  back  side  have  to be  absorbed  by a  proper

device. Thus,  considerable  space  and  driving power  are  needed  which  are  not  utilized  effectively

to generate  waves.  On the other  hand, the plunger-type and  the pneumatic-type  wave  maker

generate  waves  on  one  side  only,  so  they do not  have such  disadvantagesas the  flap-type does. But
the  plunger-type requires  a  considerable  space  above'the  water  surface  and  this  makes  it almost

impossible to adopt  such  design that the towing  carriage  can  run  over  the wave  maker.  As for

the pneumatic-type  wave  maker  the  design theory  is not  fully established,  and  the shape  of waves

generated  is not  so  good  as  the  enes  generated  by  the  flap-type or  the  plttnger-type wave  maker.

Therefore,  if the disadvantage  of  the flap-type cDuld  be eliminated,  we  should  be able  to expect  the

rnost  desirable wave  maker.

  With  this view,  the authors  have  been  engaged  in thg  improvement  of the flap-type wave  maker

and  developed a  new  fiap-type wave  maker  without  water  on  back side.

  In the  ceurse  of  development,  there  were  two  diMcult problems  to be solved,  the one  is the con-

struction  design of  the  ends  of  the  flap which  assures  the water  tightness and  also  causes  no  distur-

bance on  wave  making,  and  the other  is the lack of design theory  which  can  be appliecl  to this new

type  of wave  rnaker.  This  new  type  wave  maker  is installed in the  new  Seakeeping  and  Manoeuvring

Basin of  Nagasaki  Technical  Institute, M.H.I.  The  wave  rnaker  has two  greups  of  fiaps; the one  for

the shorter  side  of the Basin is 30 meters  in breadth, the other  for the longer side  is 120 meters  in

breadth, capable  of  generating  waves  up  to 60 centirneters  in height and  10 meter$  in length.

  In the  following, the  design theory,  the  treatment  of  the  fiap ends  and  the  system  design of  this

new  type  wave  maker  are  reported  and  al$o  the  description of  the  new  wave  maker  of  the  Seakeeping

and  Manoeuvring  Basin of  Nagasaki Technical  Institute is given  as  an  example  of  the  practical ap-

plication.

  *  Director and  Manager  of Nagasaki  Technical Institute, M.H.I.
 
**

 Seakeeping Research Laboratory, Nagasaki Technical Institute, M.H.I.
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                            Fig. 1 Symbols and  Coordinate Axes

and
 the other  symbols  and  coordinate  axes  are  taken  as  shown  in Fig. 1. If the water  pressure en  the

fiap is represented  by P, the moment  M  due to this water  pressure  about  the hinge of the fiap is re-
presented  by  the  following equation in the case  of  the wave  maker  without  water  on  back  side.

                                  M=I%,BP(bi+v)dy  (4)
and

                                p=p(  
0aet
 )..--;-esp-s7p, (s)

where

             q=veloeity of  water  par"ticle

 . n=gv:  gravity potentiaL

Substituting (5) into (4),

                          ilf =!r.,(bi+v)((  
O,",
 )..,--;-e;.-o]dy. (s)

ln the case  ef  usual  fiaptype wave  maker  with  water  on  both sides,  the contributions.  of the 2nd  and
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the  3rd term  in the bracket  { } of the right-hand  side  of  (8) are  cancelled  on  the both sides  of  the

flap. So we  have only  to calculate  the term  (aOfat)=- in this  case.  .

  But in the case  of  the present type  of wave  maker  without  water  on  back  side,  we  have to calculate

all  the terms  of (8). Then,

               (Oadit )..,= 
2abOS

 {A cosh  ke(y+H)  cos  cat+sin  dit.ZM.,,Bm  cosk"(v+H)}  (9)
and

                   ek-(g:):.+(g:)L  ･ ao)

               ( g: )..= 
2abto

 {-Akecosh hKy+H)+.g,k,.B.  cos  k.(v+H)}  cos  a,t (n)

               (-ga:l-y ).=o= 
2fw

 {Ako sinh  ko(y+msin  at+cos  .,t.£
e.",k.B.

 sin  k.(er+H)}  , (12)

where

                      A=  [( bladit 
-1)cosh

 koH+cosh  ko(H-bi)l/kot(H+'1:;' sinhSktH)  (13)

                     Bm  su  [( bjoWt -1)cos kmH+  cos  knt(H-bi)] lk-S(H-1:;- sin  kmElr) . (14)

However, the calculation  ef the equatien (10) is rather  complicated  becauee it invelves the squares  of

the infinite series. So the following approximatiens  were  made  censidering  the motion  of  the  water

paptcle near  the fiap.

       (g: ).-,t8, (-S'(bi+y) sin  ̀etl-f(bi+y)bl  ces  tvt (u,)

       ( gS )..l-:Itl-(a':tl-sechW:cHsinh 
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                                                                                (i2,)
Substituting <11') and  (12') into (10),

                e;.=({})Sws[(bi+y)t  cosi(vt+bis  sechs-!  
tCILsinhs

 
Wt(g+V)
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Substituting e) and  (15) into (8) and  earrying  eut  the integration,
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                  '
                                                                                (16)
Further,  the wave  profile v measured  ftom  the still  water  level may  be taken

                                    n=i[  
aaipt
 ],., (17)

under  the  assumption  of  small  disturbance. Then  substituting  (1), (13) and  (14) into (17),
                                                                              '

               v=2(-S･)-fl7t- {A cosh  keH.cos (at-k"x)+sin (al.X:,Bme'-tsmx  cos  kmH}  . (ls)

Hence, if the dimensions of  flap and  basin and  the motion  of fiap are  given, the  height of  wave

.generated and  the hydrodynamic moment  to drive the flap are  calculated  by the equations  (18) and  (16),
tespectively.  In Table  1 the  wave  height versus  arnplitude  ratio  and  the  components  of driving force

A  NewFlap-type  Wave  Maker  without  Water  on  Back  Side
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Table 1An  Exarnple otNumericalCalculation
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Dimensionsused; H=3.5m,  B=10rn,  bi=1.4m

are  shown  for varying  wave  length as  an  examp!e  of  a  result  of  such  numerical  calculation.  In this

calculation  the dimensions of  flap and  basin are  taken  the same  as  those of  the new  waye  maker  of
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  In order  to design a  drivjng rnechanism,  we  have to know  the total driving moment  which  is com-

posed of  a  hydrodynamic one  given  by  (16) and  a, moment  balancing the inenia moment  of  the flap
tself. Let Mr  be the total driving rnornent  and  MI  the moment  balancing  the inertia moment,  then
                                    '
                           va==M+Mi  
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where  I is the mement  of inertia of the fiap about  the hinge  and  e is the angular  displacement  of  the

fiap as  shown  in Fig. 1. As  an  example,  Fig. 2 shows  the driying moment  ahd  power  (Mrx(deldt))
required  to generate  a wave  of  40 centimeters  in height and  10 meters  in length in the Basin.

  In the case  of  the present type of wave  maker,  however,  we  can  economize  in power  substantially

by  a  proper  device, descrlption of  which  is given in the following section.

       3. Systern Design and  Trestment for Gaps between the Flap and  Bdein Wall

  As  seen  from the  equation  (16), the hydrodynamic driving moment  consists  of  a  varying  part com-

posed  ef four terrns depending on  sin  ¢ t, cos  of, sinSa}t and  cosiof,  and  a  censtant  part due  to the

static  water  pressure. Hence, if the  constant  part of the driving moment  is balanced by a  suitable

systern  such  as  a  suMciently  long  spring  or  a  ram  connected  to a  suthciently  large chamber  fi11ed with

compressed  air, the net  driving moment  can  be reduced  substantially  as  recognized  frorn the data

shown  in Table  1. In this case  the maximum  power  needed  to drive the  fiap is about  half of  that  in

the caee  of  usual  flap-type wave  rmaker  with  water  on  both sides.

  In the practica1 design, the authors  adopt  an  electro-hydraulic  driving system,  the detaiEs of which

is described in Section 4. In this desigri the  constant  moment  opposing  the  static  water  pressure  is

given by two  hydrauSic rams  per each  flap unit  of  10 meters  in breadth. The  load delivered to the

pistong is balanced  by gil pressure which  is kept nearly  constant  by means  of an  oil pressure circuit

composed  of  an  accumulator,  a  relief Valve, a  check  valve  and  an  oil pump  driven by an  electric

rnotor.  The  oil pump  supplies  pressure oil only  as  much  as  relieved  threugh  the valve.  Hence, the

capaeity  of  the oil pump  can  be  fairly small.  The  varying  part of moment  opposing  the net  hydro-

dymamic  load may  be  given by  a  usual  electro-hydraulic  servo  system.  The  diagrammatic sketch  of

the systern  is shown  in Fig. 6, in which  the system  for balancing the static  water  piessure is also  in-
                                '
cluded.

  In the case  of  usual  fiap-type wave  maker  with  water  on  both  sides,  there are  two  gaps  between the

flap ends  and  basin wall.  Water on  the back  side  goes  out  and  comes  in through  these gaps  in

accordance  with  the motion  ot the flap and  generates standing  wayes  which  disturb the formatien

of  fayourable waves.  In the case  of the present new  type  of wave  maker,  the gaps  betvveen

the fiap and  the basin. wall  have to  be  water  tight, because there is no  water  on  the back  side.

Dr. RernmersS)  developed  a  slrding  type, in which  srnall amount  of  water  is allowed  to leak at

tohilep:ttdpi'n.gTphaisrttyapendoifswUa?liiel:IOarkeCrooltll!stllg

                                   ' 

A  New  Flap-type Wave  Maker  without  Water on  Back Side

be suitable  fer a  small  basin. But, in  the case

of  a  large basin, the frictional power  loss due

to slide  becomes  very  large and  the  leaking of

water  is not  desirable for the maintenance  of

the !arge basin. The  constructien  ef the  fiap

ends  developed by the authors  for the  new  fiap-

type  wave  maker  witheut  water  on  back side  is

shown  in Fig. 3. As  easily  seen  in the figure,
'the

 volurne  between  the fiap end  and  the basin

wall  is kept  censtant  irrespective of  the motion

ef  the fiap. Hence,  the disturbance of  water  seen  at  the

is completely  eliminated  and  perfect water  tightness can

lower edge of  the f!ap is covered  by  a  rubber  plate.

motion  at  this  part of the fiap is fairly srnall,

                    bee-uee  the  lenecth of  the

                    rubber  plate  is eonetant.

Fig. 3 Construction of Flap-plate End

fiap-end gaps  of  usual  fiap-type waye  maker

also  be guaranteed  by  this  construction.  The

There  rnay  be no  problem  since  the  relative
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        4. The Flaptype Wave  Maker  of  the Seakeeping and  Manoeuvrimg Basin

  The  shape  and  dimensions of  the Basin are  shown  in Fig. 4. The  wave  maker  fiaps are  placed on

the tvvo  adjacent  sides  of the Basin in order  that the extensive  seakeeping  tests among  oblique  waves

can  be made  by  the use  ef  the  towing  caniage  capable  of x-v  (length- &  side-wise)  motion..  !n con-
sideration  of  the outstanding  rnerks  discussed in the preyious section,  the fiaps were  arranged  so  as

to make  the badk space  of the fiap completely  free of  water.  The  section  of  the fiap and  the back
wall  is shown  in Fig. 5. The  depth  of  the  Basin was  decided in order  that the shallow  water  effect

on  the wave  and  the ship  motion  characteristics  can  entirely  be avoided.  The  vertical  posltion of  the
lopuer hinge of  the flap was  chosen  so  that the wave  generating  surfaee  of  the flap fits the attenuating
exponent  of  the orbital  motien  of  the water  particles in waves.

 The  fiap of  the wave  maker  is driven by an  electro-hydraulic  servo  control  system.  The  block dia-

gram  of  
the

 actuation  control  is shown  in Fig. 6. The  longer side  wave  maker  consists  of twelve  flap
units  aetuated  by twelye  hydraulic rams,  and  the shorter  one  three, fiap units  actuated  by three rams.

each  flap unit  being 10 meters  in breadth. The  twelye flap units  of  the longer side  and  three flap
units  of  the shorter  side  are  connected  water-tightly  each  other  by  rubber  sheet  so  that they  can

190IGO-

tt

[ \ta'?ngRaiel;'rf:ire ]

           Sherter  Side feve nal[er

Longer  Slde  Wave  Maker

R -

p tFig.
 4 Seakeeping and  Manoeuvring Basin

Fig. 5 Section of  Flap  aod  Wall
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                             Fig. 6 Electro-hydraulic Servo System
                                                                  '

oscillate  as  a  single  flap of  120 meters  and  30 meters  in breadth, respetively.  The  so-caUed  snake-type

metion  of  fiaps is not  intended  in the Basin. Exbensive design studies  have  been  made  on  the response

characteristics  of the servo  controt  system  by  the use  of  the simulated  rnodel  plant with  very  long oil

piping  arrangernent  together  with  digital and  analog  coinputer  simulation techniques.

  Design studies  haye also  been made  on  the structural  chhracteristics  of  the flap. In the course  of

the studies,  theoretical calcttlatiens  for the defiectien and  the vibration  characteristics  were  confirmed

by the careful  model  tests  carried  out  by  the  use  of the lflO scale  structural  model.  The  deflection

of  the flap under  the designed maximum  load is limited' within  1%  of  the arnplitude  of  the fiap.

  As  described in the previeus section,  the water  tight sealers  at  the flap ends  and  the bottom edge

of  the flap are  made  of  flexible rubber  plate specially  chesen  and  prepared  in consideration  of the

repeated  defiections. Tests were  made  to  ce[tify  the  durability of the rubber  plate against  the frequent
change  ef  the bending  and  the membrane  tension  due  to hydrodynamic  pressure up  to 1pt times or

mere.

Fig. 7 Wave  Maker  Flap  Arrangement

  and  Control Roorn
Fig. 8 Wave  Maker  Contro1 Station
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  The  full controls  of the wave  maker  system  can  be rnade  at  the  control  room  looking over  the Basin.
In Figs. 7 and  8 are  shown  the  photographs  of  the  wave  maker  flap arrangement  and  the  control

station.

  
This

 new  type wave  maker  of  the  Basin is now  under  the  trial run  and  proving  the characteristics

expected.  The  details of  the trial results  wiU  be reported  in the  next  chance.
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